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How America's "Underground" works for von 



/^fAMEKK are enough miles of oil and nat- ground network is far from complete. eeeded in size only by the student bodies 

j[ ural gas pipe lines in the U. S. A. to It will require thousands more miles of of a few of our largest universities. 


circle the world at the equator 16 times! pipe in the near future. To help meet The fundamental objectives of these 

This vast, 402,QOO-mile network is this demand, United States Steel will programs are to assure employees maxi- 

made up of crude oil lines, oil products put two more large-diameter pipe mills mum opportunity for personal dev el op- 

pipe lines and natural gas lines. This into operation in the next few months. ment and to provide them with a sound 

network has helped to make the benefits The steel industry is a growing Indus- foundation for advancement within the 

of gasoline, fuel oil and oil products try. not only in terms of physical plants organization. 

readily available to everybody ... it has and facilities, but in terms of personnel, 1 he training programs in United 

helped to bring gas heating to many too. At the present time, the number of States Steel have become the “pipe line” 

parts of the country. United States Steel employees partici- to successful careers for hundreds of 

But this constantly-expanding under- patmg in educational programs is ex- capable young men. 
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The electric lamps you see between the boxes 
on the table are exactly alike—they generate 
both powerful light and intense heat. 

If you should concentrate the beam of one 
of them with a reflector and plug it into an 
ordinary socket, you'd be practically blinded 
by its glare and your clothes scorched by 
the heat—unless you turned away fast! 

But look what happens when you put them 
into the fixtures in the foreground, so their 
beams are covered by two different kinds of 
Corning glass. 

The beam from the bulb on the left is 
cooled down so sharply that you can hold a 
wisp of newspaper in it for hours without 
its catching live. Yet the light is almost as 
dazzling as ever. 

Notice now that no light apparently shines 
from the bulb in the fixture on the right. But 
if you hold a piece of newspaper over it— 


m a matter of seconds you have fire in your 
hands! : : n 

The explanation is.: One of the glass plates 
transmits the comparatively cool, visible rays 
generated by the bulb, blocking off most of 
the invisible heat rays. The other allows only 
the invisible heat rays to pass. 

These pieces of glass are only two of the 
dozens of ray-transmitting or ray-blocking 
glasses that Corning makes—glasses that 
can pick out any segment of the light spec¬ 
trum and put it where it's needed. 

For example, a lamp shielded with a Corn¬ 
ing glass whidh. transmits only near ultravio¬ 
let rays lights automobile instrument panels 
without glare. Another kind of Corning glass 
transmits only invisible infrared rays and 
is used in electronically controlled burglar 
alarm systems. 

Throughout industry, Corning means re¬ 


search in gloss —and these ray-blocking, ray- 
transmitting glasses represent only one of a 
multitude of outstanding developments that 
have earned Coming this reputation. 

We hope you'll keep jn mind that Coming 
research and technical, skill have made glass 
one of the most versatile engineering mate¬ 
rials there is. 

For when you’re out of school and axe 
concerned with product and process plan¬ 
ning, youlS. find it to your advantage to call 
on Corning before your plans reach the blue- 
prim: stage. Corning Glass Works , Coming , 
New York. 
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I means research in glass 
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JAMES WATT AND 

THE HISTORY OF STEAM POWER 

by Ivor 8. Hart' 

Henry Schuman, N.Y. t 250 pp., $4 

Reviewed by Peter Kyropoulos 
Assistant Professor of 
Mechanical Engineering 


a rate from the engine evhndec 


cylinder, 

< 3) Use of expansion of the steam 
in the cylinder. 

14) Use of crank and connecting 
rod to translate reciprocating into 
rotating motion. 

(5) introduction of the slide 
valve. 

1.6i Use of the governor to con¬ 
trol the speed of the engine. 

With the exception, perhaps, of 
the slide valve and the pressure vol¬ 
ume indicator, none of the items 
listed were new inventions in the 
strict sense; only their use and com¬ 
bination was new. It is this combina¬ 
tion which constitutes Watt s contri¬ 
bution and which made his engine 
the prime mover that was needed for 
the growing industry, 

I he usual, troubles of financing 
and marketing a development pro¬ 
gram mark the struggle of Watt and 
his partners and hackers. The book 
ends with the death of Wait and a 
brief look at steam power since then. 

The author has produced a hook 
which is both readable and correct, 
which is more than can he said for 
the usual attempt of biographers, 
who write without, knowledge of the 
victim’s specialty.. 


I vor B. hart is a familiar name 
to those who are interested in the 
I history of science and engineering: 
| he has written The Mechanical In- 
I e-estigallons of Leonardo da Vinci; 
I The Great Physicist; The Great Ln- 
| gineers, etc. It is not surprising then 
| that the emphasis here is on the 
| history of steam power rather than 
I on James Watt. 

j The book starts with a review of 
| the development of civilization and 
points out how the need for mechan¬ 
ical power sources gradually became 
the key problem of industrializa¬ 
tion. It becomes clear that the steam 
I engine is really not an invention but 
[ a development to which many people 
j contributed. 

i Then follows a chapter on iv The 
| England and Europe of James Watt.' 
j in which the development of science 
I and engineering in the iKih century 
| is traced, in order to furnish the 
j philosophical background for the 
biography. After a short passage on 
Watt’s early life, some of the prin¬ 
ciples of physics are reviewed in the 
sequence of their discovery (nature 
of air pressure, latent heat of steam). 

| Much of this reminds one of the 
| treatment of Lancelot Hoghen in 
| Science for the Citizen and is equal- 
; iy well done, if perhaps somewhat 
! tedious to a reader who has never 
j' heard of it before. 

It is then shown how the problem 
of removing water Irons mines fur¬ 
nished a powerful incentive to de¬ 
velop some sort of prime mover to 
do the pumping job which kept men 
and horses busy day and night. We 
hear about Savory and Newcomen 
and their engines, as well as their 
predecessors. All these earlier en¬ 
gines employed condensation o f 
steam to produce a vacuum in the 
cylinder against which the atmos¬ 
phere then would move the piston. 

Watt recognized the limitation 
which this imposed on the useful 
pressure ratio. The maximum work¬ 
ing pressure was 14.7 psia and no 
more. Watt's contributions are ther¬ 
modynamic and mechanical improve¬ 
ments : 

(1) Addition of a condenser, sen¬ 
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Why waff until you graduate? 
Start using the Drawing Pencil 
of the Masters today-smooth, 
free-flowing, grit-free CASTELL, 
accurately graded in 18 un - 


by Ray K. Linsley, Jr % Max A, Kohb 
and Joseph L K. Faulhus 
McGraw-Hill, N.Y.. 689 pp., $8.50 

Reviewed by Jack E. McKee 
Associate Professor of 
Sanitary 'Engineering 


because it outlasts other pen¬ 
cils, hence is more economical. 
In addition, you get the per¬ 
sonal satisfaction of superior 
craftsmanship that only 
CASTELL gives. Unlike ordi¬ 
nary pencils, CASTELL sharp¬ 
ens fa a needlepoint without 


IINok TWO 
ffi ' standard 
hooks in the relatively unexplored 
held of hydrology have been Mead s 
Hydrology and Meyer's Klemenl-s of 
Hydrology. Since 1945. however, 
there has been a rash of new books 
on the general subject of hydrology 
and on its specialized branches. This 
is attributable in part to the fact 
that Mead s and .Meyer’s hooks, while 
now classics, are decidedly out of 
date; in part to the fact that since 
the early days of the New Deal there 
has been a great expansion in ap¬ 
plied hydrology as manifested in 
flood-control works, water supply, 
pollution abatement, and reclama¬ 
tion projects; and in part to the 
fact that though, the technical iour- 
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store. Don’t allow yourself to 
he talked info using a substi¬ 
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What was the key to 
Ben Franklin's success? 
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wasn't the one on the end of this kite string, yon can he sure. The key 

to Franklin's basic contributions to the progress of science and engineering 

w in technical fundamentals, in A 
finest textbooks are available to everyone. They provide the 
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Oft the cover this month is Hunter 
Mead, Professor of Philosophy and 
Psychology at the Institute, surrounded 
by fust a lew of the thousand organ 
pipes which currently occupy the spare 
Led room of his house on North Chester 
Ave. in Pasadena. 

.Prof. Mead is probably one of the 

few poor people in the . well, lei’s 

say world — who has a functioning 
pipe-organ in his parlor. If you’re 

curious — as we certainly wore . as 

to how. and more particularly, why 
P got there, voxel! find Dr. Mead's 
frue Confession on page 17 of this 
issue. 

Challenge io Management 

President On Bridge’s article on page 
»• is adapted from a speech he made 
before the American Management Asso¬ 
ciation. in Sast Francisco on January 
18.. Originally titled, "The Challenge 
of Science and ^eehnology to Manage¬ 
ment/ the speech has already been, 
abstracted in. Time, and is to be re¬ 
printed by the American Management 
Association. We think it’s one of the 
best Dr. Du Bridge has made in some 
time. 

Millikan Autobiography 

Last month E & S ran an extract 
from “The Autobiography of: Robert 


CONTINUED ON PAGE 6 
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Plant and ■mam office of the AiRetearch Manufacturing Co., 9851 Sepulveda Blvd., Los Angeles, 


And What’s More 

C, VI. Stearns, who wrote the article 
on bacteriophage on. page 11, Is a 
member of the Institute staff attached 
to the Office of the President , , . 
Please note—the test tubes which all 
the members of the Phage Group are 
clutching in their fists in the picture 
on page .13 are merely drinking glasses 
filled with port. It s part oi the routine 
whenever the group holds a seminar, 
5)r\ Delbruek pours— and passes out 


A, Millikan”—which is to be published 
on March 22—dealing with Millikan’s 
early days at the Institute. This month 
(page 14) we have another' excerpt 
the .book""-GTke Two Supreme 
Elements in Human Progress.” In the 
original draft of the book Dr. Millikan 
had this section labeled “'My Philoso¬ 
phy-' It's a rewarding and inspiring 
piece of writing. 


!p many other modem plants, the new AiResearch building 
uses 5MGOT-HOLMAN Illumination Equipment... such as the 


cigars . . . j. R. Oppcnheimer, the 
distinguished visitor shown above with 
!b'< DuBridge was just one of several 
d.v. s who earn« to Caltech last month. 


depressible 


-plunger type IndustroLux" and the ‘'Zenith” luminaires 


ion'll had notes on them on page 

















THE CHALLENGE 



Here ore seme of the changes the science and technology of 
tomorrow may bring — and what we can do today to en¬ 
courage these changes and insure that they will be for the best 


S cience and TECHNOLOGY have become so intertwined 
during the past few years that today we face the 
rather curious .situation that many people—-far from 
thinking of science and technology as two separate and 

distinct disciplines.are now Inclined to regard the two 

as different forms of the same thing. Before we can 
understand, the challenge of science and technology we 
must, understand something of what science is and what 
technology is and In what respects they are alike and in 
what essential respects they differ. 

First, what is science? It is easier to recite first some 
of the things that science is not. Science is not the 
development of new weapons of war. It is not. the 
development of new or improved industrial products 
or processes. It is not even the discovery of new cures 
for human disease. Science is not the development of 
any device or technique. Science is simply knowledge. 
The goal of scientific research is to discover new facts 
and principles concerning the behavior of the physical 
world. The eventual goal of science is to build a con¬ 
ceptual framework of the physical world, a system of 
well established theories, if you wish, on the basis of 
which one can understand and interpret natural phe¬ 
nomena and can also predict what future events will 
occur under specified conditions. 

This ability to understand and predict has during 
the past two centuries reached a high stage of perfec¬ 
tion in certain areas of science. The laws of celestial 
mechanics are so exactly known that, for example, 
eclipses of the sun can be predicted with a high degree 
of precision for centuries to come. Quite adequate pre¬ 
cision of prediction is also possible in great areas in 
the fields of mechanics, optics, electricity, and in certain 
fields of chemistry. However, as we enter the areas of 
more complex phenomena of organic chemistry and the 
biological sciences we find that we are only at the 
threshold of an understanding of the phenomena which 
take place here. The investigations of the past few years 
have shown pretty clearly that the first problem in 
these fields is the understanding of the nature and be¬ 


havior of complex molecules. It Is exciting to visualize 
what important progress can he made in this area 
in the coming years if suitable efforts are devoted to 
it. The basic techniques are now at hand so that an 
adequately extensive research effort may cause our 
knowledge to grow in snowball fashion. 

But the point to he emphasized is that in all fields 
of basic science the goal of research is further under¬ 
standing. The object is not to invent hut to comprehend. 

Now. of course, the goal of technology is very differ¬ 
ent. Each individual technological research project has 
as its aim the development of a specific device or tech¬ 
nique which will be of practical use. In the days before 
the development of the scientific method technology 
proceeded largely by the friaband-error method. The 
sum total of the achievements in the practical arts which 
were attained by human beings by this method over 
thousands of years of technological efforts is impressive 
indeed am! culminated in the magnificent achievements 
of Edison. But the rate of progress during the past 
hundred years has been fantastically higher than that 
of any previous era. to the extent that in such fields 
as the development, and use of power and in the fields 
of transportation and communication more progress has 
been made in the past fifty years than in all the previ¬ 
ous thousands of years of human experience. 

It is the interaction of science with technology which 
has made possible this accelerated rate of development. 
This interaction is of two forms. In the first place, the 
discovery of new phenomena and. new laws in the field 
of science has given rise to new practical applications. 
The abstruse theoretical studies of James Clerk Maxwell 
on the nature of light and of electricity led to Hertz’ 
experiments which uncovered the existence of elec¬ 
tromagnetic waves. These discoveries stimulated the 
brilliant Marconi to establish a whole new area of tech¬ 
nology which has given us among other things modern 
radio and television and radar. 

The discovery of the laws of electromagnetic induc¬ 
tion by Faraday eventually gave rise to the modern 
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electric power industry and all of its ramifications. 
The discovery of the basic laws of thermodynamics by 
Carnot. Joule, Kelvin, Helmholtz ami others made pos¬ 
sible the many modern forms of heat engine, ineluding 
the steam engine, the internal combustion engine, and 
now the jet engine and the gas turbine. Pioneering 
work of a whole host of physicists and chemists who 
studied the nature of atoms and molecules made pos¬ 
sible the creation of modern chemistry and the chemical, 
industry. Dozens of other examples from other fields 
could, of course, be mentioned, in which the discovery 
of a new law or new phenomena in science has made 
possible the creation of whole new areas of technology. 

But technology has also -grown by adopting in tech¬ 
nological research the methods of science. 1 hough the 
systematic trial -an d -error method is still the mainstay 
of many areas of technology where the fundamental 
principles are still not luily understood, there are many 
other areas of iecl.ino.logy where the method of the 
controlled experiment is not only possible but highly 
fruitful. The controlled experiment leads to an advance 
in understanding winch, in turn, leads to the prediction 
of the results of new experiments. Practically the whole 
of the technology of the electrical and radio industries, 
for example, proceeds in this fashion—the method 
of science which came out. of the science laboratories 
of the nineteenth, century. 

Contributions of science to technology 

In other words, science has contributed to technology 
not only new discoveries and a stew understanding of 
nature upon which new practical devices and techniques 
can be based, but: has also contributed a new method 
of research which has multiplied the rate of technologi¬ 
cal advance by fantastic proportions. 

Now the very fact that the research methods used 
in a laboratory of technology or of applied science are 
essentially identical with the methods used in a labora¬ 
tory of pure science has led many people, including 
some very well-known writers, to the conclusion that 
there is no real distinction between, science and tech¬ 
nology— -between pure and applied science. This, it 
seems to me. is not. only a very superficial view, but a 
very dangerous one. 

This view is dangerous because it implies that the 
burden ot scientific research, wnich was largely can led 
by the universities during the nineteenth century and 
the first quarter of the twentieth century, has now been 
largely assumed by the industrial laboratories, and more 
recently by government laboratories. All three kinds oi 
laboratories, it. Is said, are working toward, the same 
goal- and the great expansion In industrial and govern¬ 
ment laboratories wifi result in a great accelm anon 
in the rate of growth of science. Even if the university 
laboratories should go out. oi business, some would con¬ 
clude that science will continue to thrive in the labora¬ 
tories of industry and government. There are even a 
few industrial leaders who have apparently subscribed 
to the thesis that what goes on in the university labora¬ 
tories is of relatively small importance, in any case, tor 
the only things of practical import will come from the 
industrial itil > o rat o r i e s, 

Bosk science vs. industries! research 

f drink what I have already said is sufficient to sug¬ 
gest the fallacy oi this point of view. 1 he .laboratories 
of basic science in universities and the laboratories of 
applied science in industry do have much in common. 
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But like the cast- and west-bound sections oi the stream¬ 
liner, however identical they appear to he in their 
physical form, they are simply not headed In the same 
direction. The aim of science is to discover new knowl¬ 
edge and new principles. The aim of technology or 
applied science is to invent new devices, new machines, 
new processes, new techniques.. Furthermore in the long 
run the new developments In technology will be based 
only upon the new knowledge uncovered by science. 
Only when totally new knowledge is discovered can a 
totally new technology arise, 

1 emphasize this situation because I believe that we 
in this country are approaching a real crisis in regard 
to the future development, of basic science. The Ameri¬ 
can people seem to he so imbued with the Idea that the 
chief products of science are such tilings as jet-pro¬ 
pelled planes, atomic bombs and television sets, that, 
they have forgotten that all of these tilings rest upon 
basic scientific discoveries, which were uncovered in 
research work which was not at all aimed at such prac¬ 
tical results. The American, people take such great pride 
in the fact that hundreds of millions of dollars of 
government and industrial money is going into research 
in applied science that they are unconcerned and even 
uninformed about, the fact that, but a tiny traction of 
this amount is being fed into the laboratories, of basic 
science, wherein will be made the discoveries on which 
future technology will be based. 

The dangers of spending all our funds and effort 
on applied science to the neglect of basic science can. 
I think, well be illustrated by a consideration of the 
held of medicine. Many people. I am sure, believe that 
the one and only way to find a cure for cancer is to 
build many large medical research centers where hun¬ 
dreds ot doctors try out hundreds of thousands of 
chemical compounds on thousands of animals and human 
patients until some day the miraculous compound is 
discovered which will remove the scourge of cancer 
from the human race. 

Finding a cure for cancer 

Now I admit that there is a possibility that a cure 
for cancer will be found in this way. The trial-and- 
error method in applied science has led to many spec¬ 
tacular practical achievements. Nevertheless, it would 
surely seem to be good sense not to place all our bets 
in this direction. Rather we should, give some support 
to those scientists who are trying to understand the 
basic processes that go on in the biological systems,, 
the basic processes which give rise to the normal growth 
of cells and tissues, as well as to the abnormal growth 
which we call cancer. It is quite possible. In fact it is 
almost inevitable, that if we really understood the 
basic nature of cell growth, the conditions which give 
rise to abnormal growth would become evident and 
the methods of preventing such conditions might he 
inunediate!y obvioas. 

U is not impossible, for example, that the cause of 
cancer may lie In the fact that molecules of the wrong 
shape somehow gel synthesized under certain condi¬ 
tions in the human body. Recent research by Dr. Pauling 
and bis associates at the California Institute of Tech¬ 
nology has shown conclusively that one human disease., 
known as sickle-cell anemia, is in tact a molecular 
disease. 1 he.se workers have found that the hemoglobin 
molecules, which are present in the red. blood cells of 
patients snf.leri.ug from sickle-cell anemia, differ in 
structure from normal, hemoglobin molecules. Because 
of this difference in structure, the molecules tend to 




clump into small-crystals, producing a - condition which, 
in turn, causes a change in shape in the red blood cells 
themsel ves in such a way that the blood -no longer flows 
freely through the blood capillaries arid lack: of proper 
circulation results. 

It appears likely that this abnormal formation of 
abnormal hemoglobin molecules can be made normal 
again by some method of increasing the oxygen .supply 
to the blood. -At least the development of a cure for 
this disease is now a straightforward development pro¬ 
gram, and the cure which eventually comes about would 
possibly not have been reached, in a hundred years of 
trial-a.ud-e.rror experimentation. 



..What 1 am driving at : is simply this. Great centers of 
medical research are fine, just as are great centers of 
research, in other areas of applied science., such as the 
great industrial laboratories working on industrial tech¬ 
nology .and the great government laboratories working 
on military technology. But the fuel which will eventual¬ 
ly keep all of these laboratories going; A the scientific 
knowledge which will, come out of the laboratories of 
basic science. At the very least, for every hundred mil¬ 
lion dollars spent, on medical technology, 1 wish that at 
least ten million dollars could be. spent for basic re¬ 
search In biology, biochemistry, chemical biology and 
medical chemistry, 1 believe that one can say with con¬ 
fidence that out of the studies in this broad held of what 
is often called molecular biology will come the basic 
knowledge on which hotter health lor the human race 
can he built. 

The same remarks might he made about, many other 
fields of applied science. The most impractical thing 
we can do as a nation is to devote all our efforts and 
funds to so-called practical research to the neglect of 
s no re hast c i n v es t i ga i i ons. 

Let us now torn to the question of what we may 
expect the science and technology of tomorrow to bring. 
What kinds of things dare we predict ? 

Looking to things which might come to pass in the 
next fifty years we find that these fall into two classes. 
First those which, while not impossible, have no. .basis 
for achievement in presently available scientific knowl¬ 
edge.,..-When the scientific discoveries which might render 
them attainable will be made, if ever, it is of course 
impossible to forecast. For example, it is not impos¬ 
sible that we may some day be able to observe directly 
whether there is animal life on Mars, But the realiza¬ 
tion of this goal will require some wholly new discovery 
in the technique of observation—--a discovery pot yet 
in sight. 

Similarly, the control of certain diseases, the exten¬ 
sion of man’s life span to, say, 150 years, the control 
of the weather, and the many other things. which we 
like to think about can come about only when and if 
totally new scientific discoveries are made. No one can 
say such discoveries will not he made—hot no one can 
predict when they will come. 

The second type of new developments which might 
he anticipated are those based on presently known scien¬ 
tific facts hut requiring practical inventive development 
to .bring them nuo being or to render them practical 
and economical. The practical utilization of nuclear 
energy for the generation of electric power lies in this 
class. The • basic -scientific knowledge necessary for this 
use is at hand. But how long it will be before a reliable 
and practical power plant will he designed and. built 
Is still uncertain. Surely experimental units will be 
operating within five years, assuming of course that 


the work of the AEG is not stalled by political inter¬ 
ference. Within another five or ten years the engineer¬ 
ing problems standing in the way of building a large- 
scale practical unit will have been, solved. 

Cbortges we con count on 

It is still uncertain, however, pust how practical and 
how cheap atomic energy may be. 1 think it will be 
highly expensive for a long lime. And I also think the 
serious dangers of the intense radiations from radio¬ 
active products will confine atomic furnaces to use only- 
in remote locations. I will even go so far as to predict 
that in the year 2000 atomic energy will, still be only 
in limited use for special purposes and in any ease 
will not in the least have reduced the market for coal 
or oil or waiter power. Bui I he special purposes for which 
atomic energy will be useful may he of the very great¬ 
est importance—and the very expensive engineering 
developments required will eventually pay off. 

If, however, present American industry does not need 
to tear the danger of a complete revolution based on 
atomic power, there arc plenty of other possible tech¬ 
nological developments which will result in very great 
changes. We can he perfectly sure that the art of com¬ 
munication will continue, to advance at a dizzy pace. 
We have only begun to exploit the possibilities of rapid 
transmission, of information In radio. Not only a news 
story or a picture or a television, image can be trans¬ 
mitted. but in principle one could transmit the con¬ 
tents of an entire book or newspaper in a lew seconds. 
Long-distance, telephone cables may well go out of 
existence, and radio waves of wave lengths down to a 
lew inches will come into use in- hundreds of ways. 

Transportation will not stand still cither. We could 
have passenger air transport iron? coast to coast in five 
hours now if we were willing to pay the cost. Two hours 
or less is certainly coming—-may.be at rather high cost. 

Industrial processes will, also change rapidly. Auto¬ 
matic-control techniques can even now eliminate great 
areas of .routine tiring labor. The assembly line oper¬ 
ated by a thousand men will give way "to one operated 
by a hundred or ten or one. Maybe President Truman 
is right, in predicting that by the year 2000 the national 
production will reach a value of a thousand billion 
dollars a year. In fact this figure would be realized if 
only the present rate of growth continued. Techno¬ 
logically speaking, this is certainly not impossible. 
Whether the political and economic problems which 
stand in the way can he solved or not is a subject on 
which' i shall offer no predictions whatever. 

I could, of course, go on indefinitely offering guesses 
about new possibilities. But you are as able to do this 
at your leisure as I am. As long as you refrain from 
predicting things that violate basic laws of physics 
or chemistry, some of your 1 predictions are bound to 
come true, provided only you make lots of them. 

The challenge and how we can meet if 

And so what? What Is the challenge? What shall 
we do about it? 

There are, of course, those who fear she future. 

who fear the further progress of science and technology. 
There have always been such people, A school board 
in Ohio a hundred years ago passed a rule that its 
school rooms should not be used for discussion of such 
.wicked and impossible things-as steam engines and rail¬ 
roads. Still earlier in England, a member of Parliament 
heatedly denounced the dangers of our growing; knowl¬ 
edge and teaching of geography. It. will be the ruination 
of the common people, he said. Another denounced 







research in anatom v, holding that the Lord had purpose* 
iv covered up our .insides and we would only get into 
trouble by penetrating His curtain of modesty. 

We laugh at people who could be so blind—-at people 
who feared knowledge rather than welcomed it. We scorn 
those who 50 years ago lacked the vision to forsee how 
science and technology would change the world-—and 
who feared and fought the changes as they came. 

But are we entitled to laugh? Can anyone of us 
today foresee the world of 2000 A.D. or even the world 
of 195.1 ? Or do any two of us agree as to what we 
see? We are all short-sighted^ And we will never know 
which of us sees or guesses the future the best: until 
events have proved his words. The important thing is 
not that we foresee the future but that we do not fear it. 
We know there will be change. The challenge is to 
welcome if to encourage it—to make it a change for 
the better. 

The first challenge is this: science and technology 

will bring changes.so we must he ready to make the 

most of them. 

But waiting for new developments to come along 
and hoping to use them—or not he destroyed by them 

.is not enough. And this brings us to challenge number 

two: the challenge to encourage and. stimulate new de¬ 
velopments by means of applied research. Inventive 
ingenuity, using the techniques of modern science and 
technology, has not even begun to exploit the possi¬ 
bilities of applying present scientific knowledge for the 
benefit of men. Increased productivity in industry and 
agriculture, new products and techniques in every in¬ 
dustrial area, new advances in medicine making im¬ 
mense forward strides in the conquest of disease ail 
of these will come—some slowly, some quickly. But 
they do not: come'automatically, or without effort or cost. 
But come they will, because forward-looking men in 
industry will put forth the effort required. 

Industry bears the burden 

1 wonder if you realize that, aside from developments 
in military technology and in some phases of agricul¬ 
ture and public health which will be sup] tor ted by 
government funds, practically the whole burden of 
applying scientific• techniques for the improvement of 
the material well-being of men and women in this 
country lies on the shoulders of industry, ft is from 
the industrial laboratories that new and better products 
and techniques will come. Someone else is not going 
to do that job. If it is done, the management of industry 
and of business will do it. 

It is a grave responsibility but an exciting challenge. 
It is precisely the kind, of challenge that American in¬ 
dustry under the free enterprise system has always met. 
In fact, it is a challenge that can be fully met only in a 
system of private free enterprise. New and creative ideas 
in technology—ideas which must originate in the minds 
of men—do not come from men who are not free to 
think—and to think for themselves. No dictator can 
force men to have ideas. No system of regimentation of 
thought will nourish creative thinking. And regimenta¬ 
tion is equally fatal, whether it he imposed by a nation¬ 
al dictator, by a police state or even by a government 
bureau. By the same token, of course, it must not. be 
imposed by industrial management either! If there is 
any area of human activity which flourishes only in an 
atmosphere of freedom, it is the area of creative science 
and technology. You will never find a real scientist 
advocating a dictatorship. Y on may find scientists with 
all sorts of other silly ideas (for they are just like 
other men ! but not that one! 


Freedom.private initiative-—that is the first pre¬ 

requisite for a virile technology. But there are other 
things that industry must provide or acquire in order 
to maintain technological progress. There are, in. fact, 
lour things: management, money, men and knowledge. 

i&anaqemeni, money, men, knowledge 

The .intelligent management of research and an 
intelligent management policy toward research and to¬ 
ward the utilization of the products of research are a 
prime requisite. 

Adequate funds for research are also necessary. But 
if the desirability and the necessity for industrial re¬ 
search are appreciated money will somehow be found. 

The last two ingredients of Industrial research—men 
and knowledge—may not be so easy. We sometimes 
tend to take them for granted. But unless industry can 
draw on a supply of men carefully selected and ade¬ 
quately and soundly trained in creative research, no 
million-dolfar laboratories will be worth a cent in ad¬ 
vancing technology. Research men are, of course, the 
products of the universities. The universities do the 
selecting and the training. It will be well "for industry 
from time to time to take a look at our colleges and 
universities to make sure they are thriving to make 
sure they are kept free. For without their products in 
trained minds, not only technology but all of industry 
would soon wither and die. 

And finally, knowledge. What knowledge is needed 
and whence does it come? The knowledge I am talking 
about, is knowledge about the physical world-—the knowl¬ 
edge of science. 1 refer not only to the knowledge we 
now possess, which must flow continually into every in¬ 
dustrial laboratory, but also new knowledge which is 
yet to come—new knowledge which is essential to a 
new technology. In other words, a strong technology 

as I have already frequently said—depends upon a 
strong science. 

And this brings me to the third challenge a chal¬ 
lenge which has not previously existed or one of which 
industry has been unconscious. This is the challenge 
to insure the future of science. Industry has always 
in the past taken basic science for granted. It has always 
assumed that somehow, somewhere, the new scientific 
discoveries on which the new technology of tomorrow 
would be built would be made. And where have they 
been made? With a few Important exceptions they have 
come from the laboratories of the world's universities. 
And until a few years ago the most active university 
laboratories were in Europe. 

A.tkI what: of the science of the future? The re¬ 
sponsibility clearly rests heavily on the ■universities 
of America. Can they meet this responsibility? Under 
the American system this depends upon the people of 
America. If the people, through taxes paid for the sup¬ 
port of state universities and gifts to the private ones, 
continue to support the universities they will continue 
to thrive. But since industry, as we have seen, is a great, 
benefactor of the products of the universities, namely, 
men and knowledge, industry too faces the challenge 
to insure their continued virility, just how this wifi 
be done is not yet clear, it is a new situation-—-a new 
problem—and an adequate solution has 'not been found. 

But we can be sure of one thing, that ii the challenges 

I have presented are met.the challenges to support 

science, to encourage technology, and to make use of 
their products then no prediction about the future 
material welfare of this country is rosy enough to live 
up to the actual facts as they are certain to develop. 









iaeteriophage: A New Test Animal 


F ROM the time of if* discovery during the First 
Worid War to the beginning of the Second, the 
group of viruses called bacteriophage remained little 
more than a scientific curiosity. In the last few years, 
however, men like Lima. of. Indiana University, and 
Delbriick and Dulbecco, of Caltech, have lifted the 
"phage out. of obscurity, it has now reached a prom¬ 
inent position, in laboratories devoted to the biological 
sciences, as a remarkably useful "test animal” for the 
study of reproduction, heredity, and the chemistry of 
life itself. 

f’be virus seems a promising crack in the wall of 
mystery that surrounds the fundamental process of. 
reproduction principally because it is the simplest 
system in which reproduction takes place. Small enough 
to pass through a filter of solid porcelain, without any 
metabolic system of its own, at times a seemingly life¬ 


less crystalline material, the virus still, once it gets into 
a living cell, can bring forth copies of itself, in fact, 
the virus is little more than a pure self-reproducing 
principle. 

But even so, virus reproduction is not easy to study. 
For one thing, a virus will not reproduce outside of a 
living cell. The study of its reproductive mechanism is 
therefore obscured by the chemistry of the cells within 
which the virus multiplies, and frequently by the chem¬ 
istry of the whole organism t for instance, a man) of 
which those cells are a part. 

This difficulty was partly overcome when, a number 
of years ago. biologists began working with a group of 
viruses that attack, not the cells of complex animals, hut 
the relatively simple single-ceiled bacteria. This group 
of viruses has been given the collective name of baeterio- 


FEBRUARY 1950—11 









Four holes made in bacterial colony by phage. Size and 
clearness >>/ “plaques ' identify phage strain at work, 


Because Use bacteriophage vines attacks bacteria, its 
discovery raised great .hopes that it might oiler a cure 
ins; bars eric-caused diseases, it would be a simple 
matter, doctors thought, to dose a patient with haeteno- 
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of scientists who work with bacteriophage: have limited 
themselves to seven closely related strains, all of which 
attack one kind of bacterium. The bacterium involved 
is Escherichia cob! (Bacteriologists habitually shorten 
the first word to "E"'), E. coifs natural habitat is the 
intestinal tract of man and other animals; it is almost 
always there and almost, always harmless. But E, eoii 
thrives also in the test tube, or on the rimmed glass 
discs known as Petri dishes. 

in ordinary studies of the phage's reproductive proc¬ 
esses, the phage's attack on E, coli is not observed direct¬ 
ly. It is possible, however, to watch the process. Under a 
microscope with "dark field illumination,” E. coli look 
like miniature capsules, and the phage particles are 
no more than minute flashes of light a little like minnows 
in a sunlit pond. Focus on one individual E. coli bacter¬ 
ium,. and after a few minutes you will, notice that it 
seems to he boiling, inside. It is. not possible to see the 
phage entering the bacterium (how it enters is, in fact, 
one of the still-unsolved problems of phage research.) ; 
hut the boiling is proof that a phage has entered the 
bacterial cell and begun to reproduce. 

1 hen, suddenly, alter perhaps twenty minutes, the 
E- coli cell bursts wide open, and a watchful eye may 
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see a whole cloud of new phage particles moving away 
from the broken corpse---each new phage ready to find 
another E. coli and repeat the process. One phage, 
hidden inside a bacterial cell for fifteen or twenty 
minutes, has somehow multiplied Itself to 500 or more. 

But, as in most similar studies in current biological 
research, bacteriophage experiments rely not so much 
on Individual viruses attacking individual bacteria as on 
the statistical results of thousands of attacks. For 
example; to discover the effect of some chemical agent 
on the reproductive power of a phage, it is not necessary 
(and would in fact, be impossible} to inject the agent 
into one phage and then, persuade that phage to enter a 
single bacterium. Instead, the agent, can be mixed, with 
fluid containing thousands or millions of phage, and 
the mixture applied to E. coli growing on Petri dishes. 
Thereafter, a simple count of the clear spots, or plaques, 
on the Petri dishes gives the answer. Each plaque repre¬ 
sents an area where E. coli has succumbed to phage, and 
the number of plaques is therefore a key to what effect 
the agent: being tested had on the phage's ability to 
multiply. The whole Uwi procedure ri characterized by 
biologists, respectfully, as an "“elegant one. 5 ' meaning 
that they admire its .ingenuity, its simplicity, and the 
lack of ambiguity in its results. 

The Chemical Approach 

Another way of approaching the problem of reproduc¬ 
tion as it occurs in bacteriophage is the chemical way, 
Chemical analysis of the nature of phage shows that. it. 
is made up largely of phosphorus-containing proteins. 
So chemists have added radioactive ("'tagged”) phos¬ 
phorus to a medium containing E. coli infected, with 
phage, and at suitable intervals have measured (with 
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making, instead of more E. coli material, more phage 
material. And. this, by the way, is getting quite close 
to the kind of thing that max go on when the gone ,4 
the human cell, uses the material surrounding it to make 
a. second gene, like - itself, to be transmitted to the cell’s 
offspring. If is getting even closer, of course, to what 
must happen when a virus, say that, of polio, penetrates 
the nerve cell of a victim. 

Inseparably bound with the problems of reproduction 
are those of heredity, for heredity is in the final analysis 
simply something that results from the process of repro¬ 
duction. And in understanding heredity, too, the bac¬ 
teriophage is therefore useful. The seven strains of 
phage that scientists use invariably breed true to form 
in certain ways—in shape, for example, and in the 
length of time that it takes for a phage to multiply and 
burst the bacterium that it lias invaded. For any given 
one of the seven strains of bacteriophage, these particu¬ 
lar trails remain unchanged through generation, after 
generation. 

But there are a few traits that, change. One controls 
the size of plaque that each, strain of phage can produce 
in a Petri dish of E. coli; a strain that normally (in the 
"wild” state, a biologist would say ) limits itself to small 
plaques may begin to make larger ones. Another change- 
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able trait is defined by the range of E. coli types that a 
strain of phage attacks: a phage 'Strain, may suddenly 
increase in its ability to overwhelm differing kinds of 
bacterium. The fact that there are a few, but only a 
very few, ways in which bacteriophage are known to. 
mutate makes them seem as promising to the investigation 
of the fundamental machinery of heredity and rnul.at.ion 
as, say, the fruit fly, which is the old and valued stand-by 
of geneticists—but which exhibits instead of a few, more 
than five hundred genetic variations. 

There is. one further way in which, bacteriophage may 
prove useful in the study of reproduction and. heredity, 
and. in fact in the study of a process so basic that it 
applies to several other aspects of cell behavior as well. 

This process is the one by which substances outside a 
cell manage to pass through the cell’s membrane and 
get. inside, and is obviously a fundamental part of the 
chemistry of life, 

in the ease of the phage, the problem centers around 
the question of how a phage gets into a bacterium. The 
reason why it may be possible to answer this question 
is lids: while most phage have uo trouble getting 
through E. colils protective sheath, there is an occasional 
mutant form of phage that requires outside help.. This 
helpless variety cannot break into E, coli unless there are. 
added to the medium surrounding E. coli certain specific 
chemicals, such as tryptophane. If it is possible to dis¬ 
cover why tryptophane is able to assist a phage to pass 
the bacterial wail, the answer may throw helpful light 
on the whole problem of cell penetration. 

Such is the .scientific position of the bacteriophage, 
and such, is its promise. What has it proved, so far? 

First, of all, the phage has proved that something 
quite like sexual reproduction goes on in the interior of 
an E. colt that it has attacked. It was once supposed 
that, at this simple level of life, reproduction followed 

the familiar nonsexual system of division.one unit 

dividing to give two, the two dividing to give four, and 
so on. in such a pattern of reproduction, each cell 
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(barring mutation) has of necessity only those character¬ 
istics that were possessed by its one ‘"parent,.'* 

In the sexual pattern of reproduction, however, two- 
parents contribute traits to the offspring. And it has 
been found that when E. coli is infected with two types 
of phage, the cloud of new phage particles that later 
bursts, from the destroyed bacterium contains many 
phage that combine the traits of both of the two parent 
types. This indicates, then, that there roust be at least 
some similarity between the hereditary machinery of 
the phage and that of infinitely more complex systems 
such as the human being. 

Another surprising field of investigation has -been 
opened to view through the study of the effect on bac¬ 
teriophage of ultraviolet light. Ultraviolet light of a 
certain wavelength carl .■‘‘kill” bacteriophage, so that it 
is no longer capable of reproducing and destroying 
E. coli. That, is not surprising, since ultraviolet light 
has the power to damage a wide range of microscopic 
germs and spores, and evert the living cells of the unman 
eye (as many people have found by looking too long 
at the sun). What is surprising is the recent discovery 
that ultraviolet light of a slightly different wavelength 
can bring the killed phage back to life. 

This discovery has raised many questions and 
answered none, which is just what a great many Im¬ 
portant scientific discoveries have done in the past. But 
it may open a new way to the understanding of what 
makes a phage active arid thereby help to disclose a 
new link in the chain of events that constitute life. 

Practical results from the phage research now in 
progress, at the Institute (and elsewhere: are iar. perhaps 
years, off. But. as the foregoing discussion of. the pro¬ 
cedure and promise of phage research has attempted to 
show, the phage may someday assume a scientific im¬ 
portance out of all proportion to its size-.which is such 

that. It would take between two and four hundred 
thousand phage, side by side, to make a line one inch 
long. 
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The Two Soprem 
Elements In 
Human Progress 

by ROBERT A. MILLIKAN 


An extract from the forthcoming 
“Autobiography of Robert A. Millikan" * 


ever i\ history has ma.uk.i.nd faced a situation;, 
XTI which forced every person on earth to ask him- 
self so insistently the question. "How can I help to 
make a better world ?'* for we know, as never before, 
that unless hv our joint efforts we do find, a way: 
specifically to put an end to world wars the human 
race lias the possibility, and indeed the likelihood, of 
destroying itself; so that the choice is now between 
a better world, or no world. 

The key to mv own answer to the question I have 
raised is found in the following statement: Human 
well-being and all human progress rest at bottom upon 
two pillars, the collapse of either one of which will 
bring down the whole structure. These pillars are the 
cultivation and the dissemination throughout mankind 
of (1) the spirit of religion. 12} the spirit of science 
(or knowledge) . 

In the long sweep of evolutionary history from amoeba 
up to man. what we call spirit or so of—the latest and 
the most important element In the evolutionary process 
of creation—first began to appear in and evolve from 
the animal world when a being developed who began 
to bury with the bodies of his dead the implements that 
he thought might be needed in a world beyond the grave, 
1 hat was a supreme moment. For can one imagine a 
mere animal thinking about a future life? 

Breasted calls the time at which, this kind of an idea 
fsrst came into a brain "the dawn of conscience.'' 1 
shall call it also "the dawn of religion,.'' for with all 
the evolution that religion has undergone since its crude 
beginnings at that far distant date, our word conscience* 
which implies a sense of personal responsibility is 
today very closely identified with what 1 mean by the 
spirit, of religion. 

* 8y permission of the publishers. "The Aufobiogrophy of itober? 

A. Millikan'' will be published on March 22 , at $4.50, by 

Prentice-Malt, 70 Fifth Ays., Hew York II, N.Y. 


But in this long evolution of religion since that time, 
the word religion has. in fact, had all kinds of ex¬ 
traneous ideas associated with it or grafted upon it. 
some good, some very had. It has meant, and still 
means in some minds, crude superstition; if has meant 
ail kinds of man-made theologies; it has meant bigotry 
and intolerance and wars and inquisitions. But none of 
these things has, or should have, anything to do with 
what 1 call the essence of religion in the United States 
today. 

We have in this country dozens of different, religious 
sects and just as many different theologies, all neces¬ 
sarily wrong in some particulars since there obviously 
can he hut one correct theology and certainly no one 
knows what, that is; hut there is just one element which 
1 find common to ail these religions. That, common 
element is found, I think, simply In the life and the 
teachings of Jesus—in the attitude of altruistic idealism 
(the psychologist may want to call it. extrovertness, the 
common man simply unselfishness) which was the sum 
and substance of his message. 

He states if in the Golden Hide. "Whatsoever ve 
would that men should do to you do ve even so to 
them. You are the sole judge of what you ought to do. 
f or to man alone of all creation has been given the 
power of choice between good and evil, and it is in 
die exercise of that choice that man fulfills his great 
mission on earth. Further, he obviously cannot choose 
the good without having the possibility of choosing the 
evil way, and with that choice open, if history teaches 
us anything then it is to be expected that here and there 
a John Oil linger or an Adolf Hitler will he found who 
will choose the evil way. 

But this raises another very important question; 
namely, what guide has man to enable him to determine 
what is the good and what the evil way? Listen to how 
the great French political philosopher Montesquieu in 
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\ 717 answered that, question for himself: 'if I knew 
something beneficial to myself hut harmful to my family, 
I would drive it out of my mind. If I knew something 
advantageous to my family hut injurious to rav country, 
I would try to forget it. If I knew something profitable 
to my country but detrimental to Europe or profitable 
to Europe and detrimental to the human race, 1 would 
consider it a crime. 

From my point of view, the supreme personal and 
individual opportunity and responsibility of every one 
of us. without exception, in the present world crisis 
is substantially as Montesquieu staled it two hundred 
years ago. So far as I myself am concerned, that re¬ 
sponsibility can be rephrased thus: 

It is so to shape my own conduct at all times as, 
in ray own carefully considered judgment, to promote 
best the well-being of mankind as a whole; in other 
words, to start building on my own account that better 
world for which 1 pray. The sum of all such efforts 
will constitute at least a first big step toward the at¬ 
tainment of that better world. 

This means that my personal job is to develop an 
altitude of willingness.better of determination to sub¬ 

ordinate my own immediate personal impulses, appetites, 
desires ami short-range interests to the larger good of 
my fellow man, as 1 see it. in cases in which there seems 
to me upon careful consideration to be conflict between 
the two. Otherwise 1 am free to follow my inclinations. 



Further, that kind of altruistic idealism is certainly 
the very essence of the teachings of Jesus. From ray 
point of view, this attitude is the essence of religion. 
And not from my point of view alone, for Alfred N. 
Whitehead defines religion in these four words; '‘Re¬ 
ligion is world loyalty. ' it necessarily involves faith 
in the existence of an ultimate Good {Einstein calls It 
“The Intelligence manifested in nature*’) which is worth 
living or dying for—a Good which justifies one in 
sacrificing his life, if need be, to promote it, as our 
boys did in the terrible war just past. If there is a 
better definition of a belief in God than that, I, at 
least, do not know what, it is. 

But this attitude of world loyalty, which is the 
measure of one’s personal moral character—and for 
this there Is no substitute whatever—is clearly an attri¬ 
bute of the emotions and the will, where lie, in fact, 
the springs of all our conduct. That attitude has noth¬ 
ing to do with knoivledge. 1 may be as ignorant as a 
Hottentot, but if 1 am living up to my light . doing what, 
in all seriousness, I think 1 ought to do, that is obviously 
all that can be asked of me. That. 1 think, is what makes 
the difference between a religious and a nonreligious 
man today. The main activity, I think, of the churches 
should, and does consist in the effort to spread as widely 
as possible this attitude of world loyalty. 

The scientist, is .inclined to underrate the importance 
of this effort to spread the spirit or attitude, of world 
lovalty. 1 think he is fundamentally wrong! And to 
convince himself of his error he has only to ask himself: 
How many of us live up to what we ourselves know 
we ought to do? That should make him realize the 
magnitude of his mistake. Or, if he shrinks from or 
discounts such self-analysis, then let him take the easier 
task of counting up in his community the number of 
men whom he regards as essentially self-centered, de¬ 
void of any sense of social responsibility though they 
may be recognized as very able and well-informed. 1 
suspect he will find his list a fairly long one. Either 
of these two procedures should bring home to the 


scientist the greatness of his error in discounting the 

importance of spreading the religions altitude .the 

attitude of world loyalty. 

1 he religious leader, on the other hand, is prone to 
say that the world would be a perfect world if the hearts 
oi men were right. But he is wrong, too. Be has only 
to look at the horrors of inquisitions or of religious 
wars, which have been carried on in the main by sincere 
men who thought they were doing; the will of God. Or 
again, he has only to acquaint himself with the history 
of Infections diseases like malaria, yellow fever, typhoid, 
syphilis, etc.; for these have been spread and great 
populations infected, sometimes wiped out, through 
practices not only tolerated but inculcated, often en¬ 
forced. by well-meaning but unenlightened religious 
leaders. 

i shall give two concrete illustrations. 1 am told by 
reliable observers that the sanitary conditions in some 
of the countries between the Mediterranean and India 
are so bad that of all the babies born only a minor 
fraction survive through infancy, the reason being that 
the Koran teaches that running water is sacred and is 
to be used for both drinking and bathing purposes, 
wholly without reference to the fact, that it rnav be 
mixed with sewage and loaded with typhoid and other 
noxious germs, for Mohammed lived before sanitarv 
knowledge came into existence. 

Another conspicuous and a very live illustration of 
the point here at issue is found in religious opposition 
to population control measures in countries already so 
overpopulated that the only hope of escape from the 
Malthusian hell is to let them remain so disease-ridden 
that the oncoming population dies off as fast as it is 
produced. 

Take another illustration from the social field. Look 
at the worldwide disasters, probably involving more 
deaths even than World War li, which have followed 
from the preaching by sincere and well-meaning but 
misguided ami bad-thinking fanatics of the Marx-Lenin 
class war, for example, perhaps the most horrible type 
of war ever started, in order to see dearly that good 
hearts coupled with bad heads are quite as destructive 
of social well-being as are good heads coupled with 
bad hearts. 

‘The good of the whole” 

Clearly, then, individual, personal morality, of which 
each one of us must be bis own judge, has little to do 
with social morality, for tins latter depends as 1 am 
using it, indeed as 1 define it, not at all upon what 1 
in mv ignorance may think is right, hut rather upon 
what sort of procedures do actually best promote social 
well-being, or "the good of the whole. That is a ques¬ 
tion of science or knowledge, pure and simple. That is 
what the university and all of our research institutes 
are here primarily to discover and to teach. It is a 
question to which we shall of course never have the 
complete answer because we shall never possess all 
knowledge; and vet it is a question to which we have 
been able each year to give better and better answers 
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A recent picture of R. A . Millikan., in his office at dhe Institute , with his long-time secretory Inga Howard , 


It is these continuously growing cores of knowledge, 
coupled with the attitude of world loyalty, he., the 
combination of science and .religion, that provides today 
the sole basis for rational intelligent living: and in spite 
of man's frailties this attitude and these cores are slow- 
ly guiding us forward, so that we have actually in the 
United States attained within a hundred years, and pri¬ 
marily because of science and its applications, a higher 
standard of living for the common man than has existed 
in any time or place in history. 

Religion and science, then, in my analysis are the 
two great sister forces which have pulled, and are still 
pulling, mankind onward and upward. And the two are 
necessarily intimately related, for the primary idea in 
religion lies in the single word "’ought”—the sense of 
duly being underneath all religion, while what is duly, 
that, is, what particular line of conduct Is actually best 
for society as a whole, must be determined by science; 
In other words, this is a question of knowledge or in¬ 
telligence, rather than of conscience. 1 am thus using, 
as at. the very beginning, the two words conscience and 
knowledge as at least very closely related to the words 
religion and science . 

But I wish to go a step farther, for someone asks, 
"‘Where does the idea of God come in? Isn't it a part 
of religion ?” Yes, i think it is, and I should like to 
reply in three different ways to the question here raised. 

My first answer Is taken directly from Holy Writ 
and reads: ’"No man hath seen God at any time . . . 
If a man says I love God and foateth his brother he is 
a liar: for he that Ioverb not his brother whom he hath 
seen, how can he love God whom he hath not seen? 5 " 
In other words, one’s attitude toward God is revealed 
by and reflected in his attitude toward his brother men.. 



My second answer is taken from Dean Shader 
Mathews, head of the Baptist Divinity School of the 
University of Chicago. To the inquiry, - “Do you believe 
in God?,” he replied ""That, my friend, is a question 
which requires an education rather than an answer,” 

My third form of reply is rny own and reads: I do 
not see how there can be any sense of duty, or any 
reason for altruistic conduct which is entirely divorced 
from the conviction that moral conduct, or what we 
call goodness, is somehow or other worthwhile, that 
there is Something in the universe which gives signific¬ 
ance and meaning, call it value if you will, to existence; 
and no such sense of value can possibly inhere in mere 
lumps of dead matter interacting according to purely 
mechanical laws. Thousands of years ago job saw the 
futility of finite man’s attempting to define God when 
he cried, “Can man with searching find out God?” 
Similarly, wise men ever since have always looked in 
amazement at the wonderful orderliness of nature and 
then recognized their own ignorance and finiteness and 
have been content to stand in silence and in reverence 
before the Being who is immanent in Nature, repeating 
with the psalmist, “The fool hath said in his heart, 
there Is no God.” Einstein, one of the wisest of modern 
men, has written: 

"’ll is enough for me to contemplate the mystery of 
conscious life perpetuating itself through ail eternity, 
to reflect upon the marvelous structure of the Universe 
which we can dimly perceive, and to try humbly to 
comprehend even an infinitesimal part of the intelli¬ 
gence manifested in nature.” 

I myself need no better definition of God than that, 
and some such idea is in all religion as a basis for 
the idea of duty. 



















an organ? Ask the man who built one. 



M ny man who follows some hobby enthusiastically 
XlSk is likely to be considered eccentric by everyone 
except other persons who pursue the same hobby. 

Among hobbyists, those who become absorbed in a 
creative avocation are likely to seem doubly eccentric, 
since there is apparently no limit to the amounts of 
time, money, energy and space they will sacrifice to 
their activity. 

Among creative hobbyists, amateur pipe-organ build¬ 
ers constitute an elite of eccentricity. They are indeed 
a strange brotherhood. Some are mere dreamers, who get 
no further toward their dream than piling up reams of 
specifications and stop lists. Others may acquire a 
rank or two of pipes which gather dust and clutter up 
the garage for years on end. A few bolder ones may 
acquire parts of chests, perhaps a discarded blower or 
console—but these too gather layer after layer of dust 
and take up even more space in the garage or cellar. 
Only the most glassy-eyed and monomaniaeai begin put¬ 
ting the assorted parts together, while only those whom 
the gods love to tire point of insanity manage to get 
the thing working. 

The objective observer might notice that the intensity 
of the organ-building infatuation appears to vary directly 
with the number of previous financial commitments, and 
inversely with the square feet of floor space the hobbyist 
may possess to bouse his dream organ. Psycho logical 
compensation, no doubt, but nearly invariable: If a 
man owns a five-room house and has an income of two 
hundred a month, he plans an organ, that will require 
three of his five rooms and will cost ten years' income; 
if he has eight rooms, he plans to sacrifice only two of 
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them to the organ and spend only five years' income, 
and so on. The rich, with acres of grounds and a 
thirty-room mansion, are usually content with an. instru¬ 
ment that tucks nicely into one corner of their oversize 
living room. But, rich or poor, dreamer or doer, the 
true organ fans and would-be organ owners are a solid 
fraternity of lonely individualists who have at feast their 
hobby to keep life worth-w hile. 

After twenty-eight years as an. organ dreamer, with 
endless lists of specifications and paper plans piling up 
in the desk drawer, 1 managed to get over into the active 
builder class. This is my story. It cars be read either as 
a warning or as an encouragement, depending on your 
school of thought. 

Three years ago when 1 bought a bouse, \ selected, 
one with organ potentialities. On a limited income the 
only potentialities I could afford were an extra bedroom 
adjacent to the living room and a living room just 
slightly larger than average., measuring 15 by 30 feet. 
The other very desirable feature would have been a. high 
ceiling, but that was impossible, so it has been necessary 
to work within tin; limitations of the standard 8-foot 8- 
ineh ceiling. It would also have been advantageous to 
purchase a house located on at least one acre of ground, 
hut finances made it inevitable that 1. settle for the 
standard 50-foot lot. Fortunately the adjacent house on 
the future organ-chamber side was on a double lot, 
some 35 feet a wav from my dwelling. 

My original plan was to wait several more years, save 
my money and build a new instrument. Last. June, 
however, an unusually attractive bargain in an excellent 
old organ turned up, and at that moment. I. switched 
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from the dreamer to the doer class—with less than one 
hundred dollars in the bank to start the doing on. hirst, 
it was necessary to dismantle the organ, and do it 
promptly. With the aid of a loyal crew of fellow organ- 
addicts and curious friends, the thousand pipes and 
several thousand pounds of chests and blowing equip¬ 
ment were moved in three days by trailer and rumble 
seat. Almost oven light the hack yard and garage took 
on the appearance of vast salvage operations—an ap¬ 
pearance which, alas, they still have after seven months 
of work. 

By this time 1 realized mv need for some professional 
help and advice. I had read most of the available hooks 
on pipe organs and had placed an organ for years in 
modest fashion, but the sudden realization that the 
several tons of stud in rnv back yard had to be re¬ 
assembled and modernized became terrifying. Fortu¬ 
nately. among my organ acquaintances there was one 
who had gone on to become something of a professional: 
he had worked under the best local men and acquired 
enough experience to assume general supervision of the 
whole project. It was also .fortunate that he was willing 
to work part-time, as money became available, and most 
fortunate of all that be was willing to wait months for 
part of bis pay, 

I must, emphasize that without such aid and advice 
we would have been doomed to early and permanent, 
failure. As every craftsman knows, there is a vast gap 
between book knowledge and. the real thing, and it was 
Marvin Blake t who presently combines organ-building 
with attendance at Occidental College) that supplied us 
eager amateurs with that practical knowledge. Often his 
most important function has been to restrain our gran¬ 
diose dreams by pointing out the difficulties and expenses 
we would incur if we tried to realize them. 

Besides Blake's professional aid, much manpower has 


Miring system, though only half-completed, nearly fills 
space that once was a clothes closet. Pedal relays 
(lower left} are under glass to keep them quiet , Stop- 
action switches are at upper left and lower right. 


I he console is extremely compact. Waist-high, hi 
pics about the same floor area as an upright piano. 


been supplied by a group of simon-pure amateurs. One 
or two are organists, several others mere organ addicts, 
still others merely tolerant and loyal friends. Combined, 
they have contributed several thousand hours of free 
labor, and saved me a corresponding number of dollars. 
The would-be home builder who lacks such tree labor 
and enthusiastic support has a doubly hard job. a job 
which I personally would never have undertaken. 

Installation of an organ in an ordinary residence 
usually’' creates two great practical problems: There 
must be adequate foundation, and there must he ade¬ 
quate height. It is of course possible to go upwards by 
tearing out a ceiling to utilize the attic, but this leaves 
the foundation problem unsolved. It is also likely to 
produce problems of thermal insulation, and perhaps 
increase the problems of sound, insulation. In most cases 
it is better to go underground. By removing a floor and 
excavating, both height and foundation are provided. 
This we did, so the first major problem was to tear out 
the flooring and joists of our erstwhile bedroom, together 
with the wall which separated liv.ing.room and bedrooms. 
Then the real work began. 

It did not require a graduate civil engineer to de¬ 
termine that, since we needed some thirteen feet of 
headroom and our ceiling was approximately eight feet 
high, we would have to dig plenty. Happily the floor 
was two feet above ground, so a pit three feet dee]; 
was indicated. For a steam shovel, an area eleven by 
fourteen feet to be excavated three feet is nothing: for 
three manual workers armed with wheelbarrow, hoe. 
pick and shovel it is decidedly something particularly 
when you are working inside a building and the dirt has 
to go out through a window whose sill is two feet above 
the old. floor level. As you dig deeper you begin to have 
the impression of digging a cesspool through a keyhole. 
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Faced with a choice of using buckets or wheel barrows 
up a steep ramp, we chose the latter, (One wonders it; 
Galileo ever realized what an instrument oi torture an 
inclined plane can be!) Twelve tons of good earth went 
out the window, to be hauled away by dump trailer and 
deposited miles to the east, 

Bays, went In aching filthy dot on raging days. Then 
more backbreaking work shoveling sand and cement into 
a mixer for our slab and sidewalls. Here again we 
wisely called in some p>ol'ev-bmal heh; to supervise 
the cement work and install the forms properly, but the 
gritty slave labor still required the by-dns-time some¬ 
what ''sobered amateurs. More than eight tons of sand 
and cement went in by the same window out of which 
the dirt had so recently gone-—with, costs going up by 
the hour. 

Constant use of electric fans for a week .finally dried 
the .cement 'sufficiently for us to work in what now began 
to look like an organ chamber, so we moved in to do 
tire; carpentering. All the windows were boarded up and 
covered with felt, for insulation. Then the whole 
chamber was lined with pine planks backed with felt. 
This was a lot of work, but the results have been excel¬ 
lent as concerns both, thermal and sound .insulation. 

And thus after a month of preparation, we were ready 
to begin installation of the actual organ. We decided 
that only part, of the old action could he retained: much 
of it was hopelessly outdated, and even' had it been 
modern there was too much wear for efficient operation. 
Even a relatively ageless pipe organ cannot stand 42 
years of constant use (and considerable neglect) with¬ 
out beginning to show it. Consequently we decided to 
modernize most of the action, using elect; ichy \ here S » 
original builder employed pneumatic tube- and pom h<-- 

\\ bib this decision was an inevitable one, we soon 
discovered that our most difficult problems would arise 
when we attempted to combine old. action with, .new. 
Such pa o; the old action a- wr retained were -omul 
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be fully "complete'* in the sense that organs are usually 
completed, since there will undoubtedly be changes and 
experiments going on. during the rest, of my lifetime. 
At .the moment il Is a two manna] organ, of just over 
one thousand pipes. There are seventeen, "stops" or 
ranks of pipes. Preparation has been made in the 
console and relays for adding another five .hundred 
pipes. Since most, of these will he small, they can be 
squeezed into the present chamber. We hope they can 
be added by next, fall. 

The next major expansion will necessitate jt-nmdehng 
the front of’ the house so that part of the present front 
porch can be utilized. This will provide space for an 
additional six to eight hundred pipes, hut will require 
a new console with a third manual (keyboard). Money 
being what It is, we- estimate 195b for this next big 
push, providing neighbors, building codes and. the Insti¬ 
tuted payroll office continue to cooperate. 
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M philosophy may seem out of place in tins senes 
s 4 .'m devoted In men of science, !>ul Herbert- Spencer 
appearance here can be justified on at least two counts. 
First, he exerted a tremendous influence during his Hie- 

time ( 1820-1903} upon English thought..and thus upon 

science. Secondly, the contrast, between Spencer s carica¬ 
ture (and lire written account which accompanies it) 
and those of the contemporary scientists which have 
already been reproduced in this series only serves to 
emphasize the respect accorded to science and scientists 
during the Victorian period. 

As the philosopher of the great scientific movement 
of the second half of the nineteenth century, Spencer's 
doctrines were attacked from both sides—by the phil¬ 
osophers and by the scientists. His work coincided in 
time with the great development of biology under the 
stimulus of Darwin's theory, and it was Spencer who 
contributed to that theory the phrase survival, of the 
h uest.” 

In I860 he published a prospectus of a new system 
of philosophy which, would embrace the general princi¬ 
ples of all existing knowledge. Though he gave most 
of the rest of his life io the development of this phil¬ 
osophy, his attempt to synthesize all scientific knowl¬ 
edge could hardly help but fail. Because he lived at the 
beginning of a period of unparalled .scientific activity, 
he could not possibly sum up and estimate its total 
production. 

The caricature at the right and the acid appraisal of 
Spencer below appeared in Vanity hair for April 26. 
1.879. 

"Herbert Spencer holds the present greatest name 
among the philosophers. He is scarcely known in his 
own country outside the circles of fogies, but abroad 
he enjovs a wonderful reputation as the leader of all 
modern thought. He was horn nine-and-fifty years ago, 



Herbert, Spencer (1820-1903), philosopher of science 

the son of a schoolmaster, who strove to culture him 
with the classics, and to make of him a civil engineer. 
But young Spencer resisted Greek and Latin, and soon 
renounced engineering. He was, and knew himself to 
be, powerful with the pen; so he became a writer. He 
learnt to handle a good plain English of the frigid sort. 
In a. casual way he published articles on Government, 
Education, and other dull subjects, from the time he 
was one-and-tvventy. But when Darwin invented Evo¬ 
lution, Evolution invented. Herbert Spencer, who saw- 
how the notion might be applied to psychologic prob¬ 
lems. So he now addressed himself to pure philosophy, 
and began to publish distressing tomes. Tie fell, foul 
of Comte and of Mill, and plunged about with atoms 
and monads in such fashion as made all men see that 
he must have a philosophy of his own. As nobody could 
well understand him his reputation waxed mightily. 
He is now the one recognised authority on 'Sociology'; 
he has discovered that "ultimate scientific ideas are all 
representatives of realities that cannot be comprehend¬ 
ed,’ and that man of science ’knows that in its ultimate 
essence nothing can be known.' Yet he goes on writing. 

VYir. Herbert Spencer is believed by many to be a. 
companionable, cheerful man. He has been more than 
once to a shareholders’ meeting to war with railway 
directors: he delights also in children; and he holds 
that suicides should rather he encouraged. Yet he goes 
on living,” 
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Oppenhewier 


this country and Russur— including the fact that both 
are farce countries, containing every natural resource; 
and that neither one can attack the other without devas¬ 
tating itself at the same time—we must attempt to find 
some basis for agreement. 

But there didn’t seem to he any way to reach any 
agreement, said one of Dr. Habibs listeners. 

"If. is like living in the same house with a difficult 
neighbor during a housing shortage,*' said Dr. Rabi. 
'Aou still don't want to burn the house down." 

Could Russia, in one surprise attack, bomb enough 
United States cities; to paralyze us and prevent oar 
retaliating? 

“Urn not interested in whether we are paralyzed.'' said 
Dr. Rabi, "I want a policy that prevents this situation 
entirely—that isn't reconciled to this viewpoint, to he 
able merely to defend after ten million Americans are 
dead. 

Distinguished Visitor 11 

H! Dr. j. Robert 0 p pen h eirncr, Director of the insti¬ 
tute for Advanced Study at Princeton, A. and a 
former member of the Caltech faculty, returned to the 
campus last month to deliver a series of lectures on the 
elementary particles of physics. Like Dr. Rabi. he had 
his day with the press too. 

Elementary particles were the last things the news¬ 
papermen wanted to discuss with. Dr. Oppeuheimer at 
his press conference. And the atomic energy program 
and the hydrogen bomb were the last things Oppenheiiner 
wanted to discuss with them, 

""If I. can f talk about these things,* he explained, 
after dodging half a dozen questions, "u doesn't mean 
that: I don’t think 1 should. For my part, I think our 



Visitor 


;§g As the first of a series of distinguished, physicists 
to visit the Institute this year. Dr. I. 1. Rabi, Executive 
Officer of the Department, of Physics at Columbia Uni¬ 
versity. came to Caltech last month chiefly to conduct 
a series of six seminars on nuclear physics. On at least 
two occasions, however—-in an evening; talk for members 
of the Athenaeum on "The Atomic Armaments Race," 
and in a subsequent, conference with the press-—Dr. Rabi. 
addressed, himself to the subject which most laymen are 
most interested in hearing; most physicists discuss: the 
bomb. 

If nothing else, said Dr. Rabi. the fact that Russia 
now has the atomic bomb should encourage us to re¬ 
evaluate our foreign policy. Ever since the Russian 
rejection of the Aeheson-Lilienthal Report proposals, it 
has been our declared policy to continue to attempt to 
abolish the use of the bomb. But our actual policy has 
been to attempt to contain Russia within its present 
boundaries—counting on our possession of the bomb to 
enforce that policy. 

Now that. Russia Sms the bomb too. what do we do? 
Build bombs faster? Russia would be sure to do the 
same thing. The effect, would only be an increase in 
our insecurity. 

Thus far we have proceeded along only one line of 
policy in dealing with Russia. Now we must consider 
other possibilities, (ionsidering the similarities between 
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situation would be a lot healthier If a large chunk of 
I'he lid could he taken off. secrecy/' 

The press decided to play if safe and ask about, new 
developments at the Institute for Advanced Study. Dr. 
Oppenheimer told, them about the Institute's new elec¬ 
tronic calculator, which is more marvelously complicated 
and faster than any other yet built, and is familiarly 
known, as the Maniac. It can multiply two sets of 
figures, each containing 40 digits, in one. hundred- 
thousandth of a second. 

And what, was the value of that ? 

‘'Well/ 5 said Dr. Oppenheimer, 'fit provides the basis 
for wider intuition. By giving a fast answer to a prob¬ 
lem that would ordinarily take days or weeks to solve, 
it. provides physicists and mathematicians with relative 
experience—which is pretty much what intuition is." 

Was Dr. Einstein busy these days at the Institute? 

He was. In fact, he was “wearing out one assistant 
after another. 5 

What about atomic power? 

"Bro afraid there is an uninformed expectation of 
atomic power, * said Dr. Oppenheimer. “IBs still an 
open question, but I don't think it's an urgent one. 
There's no great incentive in -developing power from the 
atom in a hurry. We don't know yet. how much, atomic 
material is available, or to what extent thorium can be 
used as a supplement to uranium/ 5 

And Russia — what did the scientists think about 
Russia anyway; didn't they worry about Russia like 
ordinary people do? 

Dr. Oppenheimer answered that one with a parable-. 

about a woman who awoke one night to find a mean¬ 
looking. desperate character standing at the foot of her 
bed. glaring at her with bloodshot eyes. 

“My God!" said the terrified woman. “What are you 
going to do?” 

“Madam. 5 the man replied, “this is your dream.' 5 



§j§ Fort MQKE 1’HM two years the Caltech Y MCA has 
been-, trying to find a larger residence house, closer to 
the campus. The present residence is not only too small; 
it's a mile from the institute. 

Early last December, the Board of Directors of the 
Y. after a house-to-house survey of residences and 
vacant, lots near the institute arranged to buy a piece 
of property at ‘>91 S. Holliston Ave.. just 400 feet from 
the campus. Here, the Y planned to build a new resi¬ 
dencethe kind it needed, with space concentrated in 
the living room and dining rooms rather than in numer¬ 
ous bedrooms. The Board decided to take a 40-day option 
on fhe property, then trv to raise S15,000 for construc¬ 
tion of a residence and $1.5,000 more to endow its 
upkeep. 

if looked like a long-term project until a young 
alumnus of the Institute, who had been active in the 
Y as an undergraduate and closely associated with the 
organization ever since his graduation, offered to con¬ 
tribute the $1.5,000 for the residence, as a memorial to 
his parents, if other friends of the Y' would come up 
with the additional $15,000 —within 30 days. 

That was on December 10. and what happened after 
that deserves the careful attention of the most experi¬ 
enced professional fund-raisers. 

Largely through the efforts of Prof. Royal W. Soren¬ 
sen. Mrs. Margaret Bleming. Executive Secretary Wes 
Hershey. and Chairman j. Stanley Johnston, of the Y’s 
Board of Directors the additional $15,000 was pledged 
by December 30. And by the time the January 10 dead¬ 


line was readied checks had come m lor $5,000 more, 
making an available endowment, of $20,000. 

Right now a local architect is drawing; up plans for 
the projected residence gratis, as his • contribution to 
the project. Construction may get under way as early 
as March, and the residence should he ready by fall. 

Eminent Member 

91 On January 30, Royal W. Sorensen, Professor of. 
Electrical Engineering, was elected an Eminent Member 
of Eta Kappa Nu, national honorary organization of 
electrical engineers. 

At the same meeting in New York .City two other out¬ 
standing scientists were similarly honored-—Dr. Vannevar 
Bush, President of the Carnegie Institution of Washing¬ 
ton, who headed the Office of Scientific Research and 
Development during the war; and Dr. V, K. Zworykin. 
Director of Research for the Radio Corporation of 
America. 

This is the first time that Etta Kappa jNu has awarded 
this honor, though it has been provided for in the 
organization's constitution for many years. Lor the past 
13 years, however. Eta kappa Nu has annually honored 
the Outstanding Young Electrical Engineer of the Year. 
Three of Dr. Sorensen's former students have received 
this award. In 194b the honor went to Dr. A. M. Zarero 
(MS. '40, Ph.D. 14), head of the Stanford Research 
Institutes Los Angeles office. In 1912 it went to Dr, 
John R. Pierce f B.S. 33, M.S. 34. Ph.D. 5 36f, now 
with the Bell Telephone Laboratories. And in 1940 it 
went to Dr. Jesse E. Hobson (Ph.D, ; 35L at that time 
with Westinghouse, now director of tile Stanford Re¬ 
search Institute, 



Hf Ssn MKMiu-jRS of the Institute staff were appointed 
members of. technical subcommittees of the .National 
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Advisory Committee lor .Aimmunities last month.. Pro¬ 
fessor Ernest E. Seehler was appointed H> the Subcom¬ 
mittee on Aircraft Structures ami Frank F, Marble to 
the Subcommittee on Compressors. Heappo.intme.wts: Or. 
{..'lark B. Millikan (Chairman) and Or. Hares AX', Liep- 
numn. Subcommittee on Fluid Mechanics; Or. Beno 
Gutenberg and Dr. Oliver K. Wulf, Special Subcom¬ 
mittee on the Upper Atmosphere. 

Members of the NACA/s 27 technical committees arid 
subcommittees are selected for their technical ability, 
experience, and recognized leadership in their special 
held of competence. They serve in a personal and pro¬ 
fessional capacity without compensation in contribut¬ 
ing their knowledge toward formulation of the research 
programs required for the country' s air leadership. 

Responsibilities of subcommittee members sue lube 
advising on problems related to the assigned techno¬ 
logical held of she technical, committee or subcommittee; 
reviewing research in progress both at NAG A. labora¬ 
tories and at. oilier organizations throughout the country; 
recommending research, projects; and assisting in co¬ 
ordination of research programs. 

McCollum Fellowship 

President DuBridce last month announced the estab¬ 
lishment of a graduate fellowship for work in the field 
of biochemical genetics, to be awarded on a competitive 
basis to a student interested in working toward a Ph.l). 
degree in this field in Caltech s Biology Division. The 
$2,500 fellowship., which is established by the McCall urn 
Foundation in cooperation with the Nutrition Founda¬ 
tion. will go to a student interested in “investigating 


the basic ways in which living cells build up and 
utilize foodstuffs. 5 ' 

New Arrivals 

US Professor Be not Stromgren, Director of the Copen¬ 
hagen University Observatory in Denmark, has joined 
the Institute faculty as Visiting Professor of Astro¬ 
physics for the second term. A graduate of Copenhagen 
University. Professor Strbmgrcn served as a lecturer 
there from 1932 to 1936. when he came to the United 
States as Assistant Professor of Astrophysics at the 
University of Chicago. In 1938 be returned to Copen¬ 
hagen University as Professor of Astronomy, and in 
1910 he became director of the University’s observatory. 
Mis last trip to the United States was made in 1.94-7, 
when he served as Visiting Professor of Astronomy at 
the University of Chicago. At the end of the current 
term at Caltech, Professor Strbmgrcn will go to .Prince¬ 
ton as a visiting professor for the remainder of the 
academic year. 

Professor Stromgren is General Secretary of the inter¬ 
national Astronomical Union, and a member of the 
executive committee of the International Council of 
Scientific Unions. 

* W illeam H. Gees has joined the Geology Division 
as Lecturer in Petroleum Geology. A graduate of the 
University of California, Mr. Geis has been specializing 
in oil-field engineering and petroleum geology since 
1916. Formerly assistant to the vice president of the 
Union Oil Company, he is now a consulting geologist, 
living in Pasadena. 
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I ^HK second term: was quite obviously the worst 
.. term* the Beaver decided, laying his pencil sadly 
on the desk. He had been working diligently through 
the derivation of an equation and had suddenly realized 
that the next step would reduce .it irrevocably to 1 — 1* 
a fact which he felt hardly needed all this mathematics 
to prove. In the first or third terms he would have gone 
back over it at once. Now he only sat back and lit a 
cigarette. The second term was too far from September 
to be new and interesting* and too far from June to be 
almost over. Pajanmnnos and callow Frosh and the 
Interhouse were past. Spring beach parties and gradua¬ 
tion were in the future. But nothing seemed to be happen¬ 
ing right now. 



■ Of course, elections were coming up shortly. 
Campus stump-statesmen were assuming busy, cigar- 
chewing airs and potential candidates were dark and 
secretive, giving back blank looks or cagey shrugs when 
asked if they were running for office. But very soon 
there would he the nominations assembly and they 
would look a little surprised when nominated, as though 
Popular Demand had walked into their morns one night 
and twisted their arms. Then posters would spring up 
like dragon seed along the olive walk and a brief ex¬ 
citement would hang over the campus. 

But. while the average Tech man found, all the elec¬ 
tioneering interesting or amusing to some degree, he 
seldom did more than listen and vote. The Beaver felt 
it was a poor situation to leave the whole field of 
student government to a small group of a more ener¬ 
getic or exhibitionist nature, but he perennially won¬ 
dered what could be done about it. That strangely uni¬ 
versal malady, F-Havenh-Cot-The-Time, was probably 
no idle excuse. 

The Beaver himself knew he wouldn't want to step 
into Ralph Lovbergs shoes, or keep John Fee’s rather 
recondite finance books, or even chew his already negli¬ 
gible fingernails promoting Bill Freed’s A SOT dances 


or Bert Sruderks rallies and assemblies. Still he realized 
that lie wasn’t doing much just sitting here and filling 
paper with ]. y* 1, Maybe there was a job , . . He 
fumbled for his Little T and opened it to the Honor 
Point list, while his roommate eyed him suspiciously. 
His roommate was a very pure scientist and looked 
askance at political ambitions. 

New Criteria 

fH Something seems on the verge of happening to the 
eternal campus problem of good instruction, in Janu¬ 
ary, a seven-student, committee headed by Proxy Lovberg 
was asked to present to the. faculty the student com¬ 
plaints on graduate instruction and to withhold no fangs. 

An amosphere of lethargy had long enshrouded dis¬ 
cussion of teaching-improvement schemes. The students 
felt the existence of an attitude among some of the 
faculty that all such schemes had long ago been con¬ 
sidered and rejected as impracticable. But the students 
also felt strongly that any working program—even 
experimental.was better than, empty discussion with¬ 

out action. 

The thesis the committee presented was that teach¬ 
ing was not accomplished by placing an outstanding 
research mind in close contact with an undergraduate 
mind and expecting ideas to flow between them by 
osmosis; teaching should, rather be an active communi¬ 
cation. requiring three essential qualities in the teacher 
—knowledge of his subject, interest in teaching, and 
ability to present material to a class lucidly and with 
m ax i mum efli ei ency. 

Armed with this threefold watchword the students 
appeared before an excellently-attended faculty meet¬ 
ing in the Athenaeum with a concrete program mapped 
out. chiefly for the improvement of instruction by gradu¬ 
ate students. They asked first that graduate grants be 

divided into two sections.teaching fellowships for those 

responsible for actual instruction, and graduate assistant- 
ships lor all others on grants, with a higher stipend 
and prestige value for the former. Then they asked for 

an effective screening process.to consist of interviews, 

questionaires, letters of recommendation, and psycho¬ 
logical aptitude tests, all concerned with a .man’s teach¬ 
ing interest and potential ability.with the purpose of 

giving -teaching fellowships in each case to the most 
qualified. 

To improve existing instruction the committee rec¬ 
ommended finding a man who could give an effective 
course in class mechanics, speech, class psychology, and 
the practical aspects of teaching-—a course which it 
would be required that all teaching fellows attend and 
pass successfully in order to hold their fellowships, 
finally, to evaluate a man - teaching, the committee 
drew upon its Army experience of the Inspector General 
system and recommended that each department head 
spend about hall an hour each team with every class 
in his department, in the absence of the instructor, to 
learn from bis students an .instructor s teaching qualities. 

Here was no ordinary airing ol undergraduate gripes 
but a practical, constructive program, and Lovbergs 
committee was invited to return to work it out further. 

I be Beaver on campus was perhaps a little surprised 
at the sympathetic faculty reaction but was highly pleased 
with the ideas presented. Although many of his friends 
were skeptical, he ardently hoped, that this time action 
would be taken and the program put into effect, even 
if only to try it out. He felt that, as a customer in this 
knowledge emporium where he paid out 1600 yearly 
from a thin purse, he was entitled to this consideration, 

—■■Jim- Hendrickson :>0 
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would donate $o00 to the. Alumni Fund, to go toward 
construction of the new gymnasium. Last 'year’s gradu¬ 
ating class contributed a snnilav amount to the fund. 

Howkshow Jeffreys 

H Fok news of C. E. P. Jeffreys. Ph.D. ‘3.L. we refer 
you to the current iFebruary} issue of U'esiim-vs, the 
official publication of the Automobile {.dub of Southern 
California, in an article called “Rawkshaw in White” 
Ed Ainsworth describes some of the livelier activities 
of the Truesdail Laboratories in Los Angeles, where 
Jeffreys is Director of Research. 

.As a testing laboratory Truesdail tackles a fair share 
oi knotty research problems for business and industry, 
Bui. according to Mr. Ainsworth, it: takes on, and solves, 
a good .many offbeat assignments besides. For example,. 
Dr. Jeffreys works on smog, water purification, the prob¬ 
lem of developing an effective but harmless synthetic 
smoke for movie fires, how to take the smell out of the 
air in and around an onion-dehydrating factory,: and 
how to test, a horse to determine whether -he has been 
"hopped up” for? a race. 


Hf The Caltech Cub of New York met on January 
10 at the Hotel BolIev to hear a fellow member. William 
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R, Bains worth T8, tel S the story of'his successful climb 
up Mt, Vancouver last summer, Vancouver, which is in 
the St, Elias Range in Alaska, was the highest (15,850 
feet) tmelimhed peak in North America until Bill 
Hainsworth and his party negotiated it. Incidentally, it 
was just, the latest in a. long line of “first ascents” for 
Hainsworth. 

The New York Club is getting set right now for one 
of its biggest meetings of the year on February 2. when 
President Du.Br.idge is to speak, on '"The Year at Cal¬ 
tech.” In addition to elub members and their guests, 
parents of students now attending the Institute have 
been invited to, and will be particularly welcome at, 
this meeting. 

■ The Washington Chapter met at the Roger Smith 
Hotel on January 30 to hear President DuBridge speak 
on “Caltech Today.” There were about 35 present, in¬ 
cluding the wives of twelve of the members. On hand 
were: Caltech. Professors C. C. Lauritsen, F, C. Lindvall, 
and HvP. Robertson, along with I. Boyd, j. M. Buchanan, 
C, A. Bannister, D. C, Campbell, R. D. Fletcher, j, W. 
Collin. F, ( Filch, j. JB. Friauf \ Haeff, B, t, 
Haynes, R,. M, Langer, A, E. Lombard, D, H. Lough- 
ridge, A, Lovoff,' P. G, Nutting, R. R. Pastoriza, R. A, 
Saplis, C. Wv Stirling, G, F. Taylor, and K, Watanabe. 


!§ Two prominent alumni will he guest speakers at the 
February 14 .meeting of the -Caltech Management Club-— 
Alumni President joe Lewis "41. will tell what, the 
Alumni Association is doing; Howard G. Vesper "22, 
President of the California Research Corporation, wifi 
talk on Industrial research. 
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PERSONALS 


1915 

Earl A, Burt writes that he started 
working for the County of Los Angeles 
Road Department a few days after grad¬ 
uation and is still with the same organiza- 
tJOfi. He does mention, though, that he has 

advanced some since 1915.in fact, he's 

now Chief Deputy Road Commissioner. 

1920 

R. ('arson Smith resigned on September 
1 as Mayor of the City of Santa Ana jo 
order to concentrate on ids: private realty 
business. 

1921 

Al Stamm has been busy completing a 
new hook on "The Chemical Processing 
of Wood”--and building a new home for 
which he was his own architect. This in 
addition to being Chief of the Division of 
Derived Products at the U. S. Forest 
Products Laboratory in Madison, Wiscon¬ 
sin. Me invites any alumni who get. near 
Madison, to call on him and tour the in¬ 
teresting lab. 

1922 

Ray W . Preston writes that since leav¬ 
ing Seattle and his war-time electrical 


engineering work for the Naval Air Sta¬ 
tions in the Aleutian islands and the Pa¬ 
cific Northwest, he has enjoyed four years 
of consulting practice with headquarters 
at Oswego. Oregon. Utility appraisals and 
engineering for architectural firms are .his 
principal projects in industrial' structures, 
elementary and high schools, and state 
work. He and his wife are living on the 
North Shore of Lake Oswego, a short dis¬ 
tance from Portland. 

William D. Potter is still head of the 
Section of Hydrology, Soil Conservation 
Service, Research, Washington, D. C. 

1924 

Fred ((root, has been employed for the 
past, year by the State of California, in 
Sacramento, as Senior Electric Utilities 
Engineer. Division of Water Resources. 
He and his wife have two children—-Vir¬ 
ginia, 11, and jerry, 8. 

Ed Wilson has been with the Union Oil 
Co. of California since graduation. His son, 
Stephen, is studying Mechanical Engin¬ 
eering at the University of Wisconsin. His 
daughter is still, in high school in Berkeley, 
where the Wilsons make their home. 


partners in creating 

K & £ drafting instruments, equipment and materials 
hove been partners of leading engineers for 81 years 
in shaping the modern world. So extensively ore thsss 
products used by successful men, if b self-evident that 
K A. E has played a port so the completion of nearly 



E 5 .t; ■}&>?. 


m w York: » Hommu, u. j. 

Chicago • St. tools * Detroit 
Son Francisco * los Angelas * Montreal 

28—FEBRUARY 19,50 


1925 

Neal Smith. City Manager of Santa 
Cruz, was recently appointed by Governor 
Warren as a member of the Central Coast¬ 
al Region Water Pollution Control Board, 
and was selected by the members of the 
board as its chairman, 

1925 

Manley Edwards has been transferred 
front the Electric Division to the Gas Di¬ 
vision of the Public Utilities Commission, 
State of California, as Senior Utilities En¬ 
gineer. Be has been active in rezoning gas 
rates in Southern California, in connection 
with recent rate increase applications. 

Royal E. Fowls , ex-'26. lias been ap¬ 
pointed City Engineer and Manager of 
Water Works for the city of Watsonville, 
Calif. He has four daughters—one at the 
University of California, one at San Jose 
State, one at the Childrens Hospital School 
of Nursing in San. Francisco, and one in 
5th grade in Watsonville. 

192? 

Marshall Baldwin reports the birth of 
Ins second granddaughter on August 28; 


Thurman. S. Peterson. Associate Profes- 
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sor of Mathematics at the University o.l 
Oregon. has j-list: had his thud math text- 
hook published. This one is titled 'EU> 
meats of Calculus . and is published by 
Harper & Brothers. 



Richard G. Ro jelly. project engineer 
for the Guy F. Atkinson Company, has 
been transferred from Washington to 
California where he is now' project, en¬ 
gineer on the Pine. Flat Dam Project at 
Sanger. 

James Dunham has just received an of¬ 
ficial commendation from the Chief of En¬ 
gineers, Los Angeles District, which says, 
“for meritorious service as a civil engi¬ 
neer, Los Angeles District, Corps of En¬ 
gineers, from 1 June .1946 to 15 Sept. 
1949. His accomplishments in the prepara¬ 
tion of beach erosion and navigation re¬ 
ports: his initiative in devising new and' 
improved procedures: and his success in 
instructing trainees, and others in plan¬ 
ning and design redounded to the credit 
of the Department/' This certainly gives 
us a good idea what he’s been doing rot 
the past three years. 

Bolivar Roberts has been appointed As¬ 
sistant to the Vice-President and General 
Manager of the Southern California Area 
of the Pacific Telephone and Telegraph 
Go. This position- carries responsibility for 
coordination of the development: of revenue 
and expense estimates and for the analysis 
of operating results. 

1930 

Ernest Hillman has been, elected presi¬ 
dent. of the • Structural Engineers .Associa¬ 
tion of Southern California for 1950. He 
is a partner in the firm, of Hillman and 
Nor well, Los Angeles, consulting structural 
engineers. 

1931 

Lawrence Ferguson, assistant executive 
engineer at G.E.’s Knolls Atomic Power 
Laboratory, has been put in charge of 
the West Milton Area Project, where an 
• experimental atomic power plant is under 
construction by the AEG, as part of the 
laboratory facilities. He will be respon¬ 
sible tor coordinating all phases of design 
and construction for this project, which, is 
located, at West Milton. Mew York, about 
18 miles from Schenectady, 



Ferdinand. Strauss is working for the 
General Electric Co. in Oakland. Calif., as 
Engineer and Superintendent'of - the Con¬ 
trol Division of the Oakland Works. The 
Strauss's have one daughter, age 9. 

H it son■ Barlow, ex ’33, has been working 
lor the Hancock Oil Company of California 
lor trie past S.5 years 13 as personnel 
manager, 

WilHani Vickies, M.8., is living in Hous¬ 
ton* iexas. where he is chief engineer for 
the Sold nmberger Well Surveying Corp.. 
an oil industry service company. 



Frank and Rime Mel.loin announce 
the birth of a daughter, Nancy Aline, 


on December 13. They are living in Alto. 

outside San Francisco.where Frank, is 

chief engineer for ilie Factory .Insurance 
Association. 

Jack Desmond is a supervisor with the 
Western Geophysical Company. At present 
he is working in Montana. 

Jack (lorlalyou is a building mainten¬ 
ance engineer for the Southern California 
Gas Company in Los Angeles. 

1935 

Charles .Patrick started as Director of 
Vocational Education in the San. Diego 
City Schools last October. Before that he 
had spent twelve years in the northern 
part of the state in education and govern¬ 
ment. 

George Tooby has been living in Wis¬ 
consin since 1940 where his firm, George 
Tooby and Associates, does consulting 
engineering work for food processing or¬ 
ganizations and manufacturers of dairy 
equipment. He was .married in 1941 to 
Grace Fender oi Pasadena and Seripps. 
They have three sons, who are 414. 3, 
and 1 year old. 

Fred Rilordt. M.S. '.‘>6 & '37, is a. 
structural designer working on guided 
missiles for the Douglas Aircraft Co. in 
Santa Monica. He and his wife have 
two daughters. 

Lind Davenport, left the Air Condition¬ 
ing Co. of Southern California "in .1947 
to purchase an interest in. and become 
president of, the Air Conditioning Supply 
Company, This company is a wholesaler 
of air conditioning equipment, located in 
Los Angeles. Laid lives in Monrovia and 
has font children- Box, 8; Doreen, 6: 
Karen, 5; and Edwin, 3; 



A. M. O. Smith, M.S. ’37 & Ah has 
been with Douglas Aircraft since 1938, 
except for two years on leave lo help 
start Aerojet Engineering Corp. as Chief 
Engineer. He is now back at Douglas, 
as Supervisor of Design Research in the 
El Segundo -Plant. He is: a member of 
the Internal Flow Subcommittee of the 
National Advisory Committee for Aero¬ 
nautics. He ami his wife live in -San 

Marino with their two children.Love 

Anne, 3: and Gerard Nicholas, 1. 

1937 

John Stdherg and his wife announce 
the arrival of a son, Steven Warren, on 
November 18. The Selhergs arc living in 

Los Angeles. 

1938 

Elbert Osborn. Ph.D.« is Professor of 
Geochemistry and Head of the Depart¬ 
ment of Earth Sciences, School of Mineral 
Industries, Pennsylvania Suite College. He 
has two sons.one 7 and one 3. 

Arntand DuFresne is still with Consoli¬ 
dated Engineering Corporation as Chief 
Test Engineer. He is also doing some 
extra management work as Executive 
Vice-President of the San Gabriel Valley 
Management Club. Two children.Loma. 
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j. Eugene Stones is supervising seisms? 
graph operations for lino Superior Oil 
5Y>. ifi Oklahoma, Kansas, and Nebraska, 
He is living in Oklahoma City with his 
wife and four children (two girls arid 
two boys.*, 

Duane Beak is, Production Engineers fig 
Manager for the Mission .Appliance Corp. 
in Hawthorne, Calif., manufacturers of 
gas water beaters, room heaters and elec¬ 
tric water healers. He is in charge of 
engineering for all products hi produc¬ 
tion and responsible lor the administra¬ 
tion of wage incentives. He and Ills 
family (which includes three sons, 8, 6 
and 31 are living in a new house in 
Pacific Palisades. 

Delos Flint's engagement to Frances 
McCormick of Dclmar, New York was 
announced last month. They plan to be 
married early in (he summer. Delos is a 
geologist with the U. S, Geological Survey 
in Washington, D. C. 

There are three members of the class 
of ’39 working for the Texas Company 
in the New York offices. Bert Rnudehush 
is a senior engineer doing designing in 
the chemical process end of oil refineries, 
Ray Gerhart does work of a chemical 

engineering nature on plant operations, 

and Bob Garter deals with the technical 
aspects of operations. The last, two are 
still bachelors and share living quarters 

in Pelham. New York, 

Richard Bond is with the Elevator 
Division of Westinghouse Electric located 
in Jersey City, New .Jersey. As Super¬ 
visor of Methods: Engineering he directs 
the functions of planning for manufactur¬ 
ing and administration of wage incentives. 
He. his wife, and two daughters live in 
East Orange. New' Jersey. 

Janies Rainwater is art Associate Pro¬ 
fessor of Physics tit Columbia University. 
He and his wife have two small sorts, 4 
and 1. 

1940 

Robert Brumfield is Head of the Pro¬ 
pulsion Division, Underwater Ordnance 
Dept., at the Pasadena Annex of the 
Naval Ordnance Test Station- Working 
there with hint are Robert OfaSsco, Cl- J. 
Todd and Gerald hosier of the class of 

HO. 

Miller Quarles writes from. Dallas, Texas 
that their second daughter, Penny Dee, 
was bom September 5, 

1941 

Carl Carlson is working as a Field 
Coordinator-Engineer lor C, f. Braun Co. 
of Canada. They are building a Light 
Ends Unit for Imperial Oil Ltd. in Devon, 
Alberta.about 28 miles from Edmonton.. 

Roger Wallace is a graduate student 
at the University of California, Berkeley, 
working for a Ph-D. in physics. He is 
doing research at the Radiation Lab. 



Hugh Baird. M.S. ’46, has been work¬ 
ing since graduation for C. F. Braun & 


Co. in Alhambra, In the Process Engineer¬ 
ing Department. He and his wife have 
two children—Suzanne, 414, and Mark. 21 
months. They're living in Pasadena. 



Robert. McLean, Prof. *48, is a senior 
designer in the body development studio 
of General Motors Styling Section, He 
atwl his wife live in a suburb of Detroit 
with daughter Constance Alice, bom last 
March. 

Mitchell Dazey and his wife had a son, 
Charles Mitchell, arrive last November. 
Mitchell is still with the Radiation Lab 
at the University of California, Berkeley. 

David Arnold is married and living in 
Los Angeles. He received his M.B.A. 
from Stanford Graduate School of Busi¬ 
ness in December, 1947, and since Janu¬ 
ary. 1948, has been a gas engineer with 
the Superior Oil Company, 

1944 

Douglas G. Dethlefsen is attending the 
Stanford Law School and working part- 
time in the patent department of the 
Hewlett Packard Co. 

Frederick Kruse received a degree of 
Engineer (in EE * in October, 1948, from 
Stanford, then, worked at Stanford as 
research assistant doing low frequency 
ionosphere research until December, 1949. 
Now be is, an “Aeronautical Research 
Scientist'' in the instrument development 
section. NACA Moifet Field. Calif. He 
was married last August to Miss Mabel 
Hanson and they are living in Palo Alto. 

R.ohen 7. Sahas writes from Berkeley ■’ 
“After several profitable years with cor¬ 
poral ions (Kaiser Inc., and Shell (HD 
f decided f liked tree, enterprise better. 
My w ife is a U.C. graduate. We have three 
sons and a dog. fn addition 1 am a direc¬ 
tor of four corporations (president: of 
two) engaged in real estate developments, 
general construction and investments, re¬ 
spectively/’ 

Henry Judd's engagement to Miss Sally 
Clark of Palo Alto was announced fit 
December, Henry is now m business in 
Santa Crux. 

Neville Long and Ids wife became the 
parents o! a sou. Donald Stewart, in 
Walla Walla. Washington, last month. 

Richard Seed attended law school at 
the University of Washington for two 
years (1946-48 * and then went, east to 
Washington, D. C. (after marrying Alice 
Mae Wilson of Seattle in April, 1948). 
In Washington he worked a year as a 
Patent Examiner in the JJ, S. Patent 
Office while continuing law school at 
George Washington University, from which 
he received a law degree last June. He 
and his wile then returned to Seattle 
where he is now a practicing patent 
lawyer. 

1945 

Stanley Clark has left the Standard 
Oil Co. and is attending law school at 
Loyola in Los Angeles. He and his wife 
and .15 month-old son are living in San 


Ganne.r 

Robert Bennett. MS. '47, PhD. ’49, is 
wit); the Hughes Aircraft Co. in Culver 
( tty. doing guided missiles work. 

Richard Reed received an Sc.D. in 
Meteorology from M.LT, in June and 
is presently employed in the Meierology 
Department there as a member of the 
research staff. He is engaged to Miss 

Joan Murray of Quincy, Mass..formerly 

ol Newcastle on Tyne. England. 

1946 

Jim Lewis is employed as a reporter 
lor the Chico Enterprise-Record., Chico, 
Calif. "My job is covering police, crime, 
and municipal government,’' he writes, 
"The latter means frequent drawing on 
€E background. I've thought seriously 
oi getting into the technical magazine 
held but newspaper work is proving 
almost too interesting. Still single. M.A, 
(journalism) from Stanford—less- writing 
the thesis/' 

Herbert Strong was married in .1947 to 
Miss Marion Peek and they have one son, 
who is now .1)4- Herb is working as 
Assistant to the Vice-President irs Charge 
of Manufacturing at the Hardhaw Chemi¬ 
cal Co. main office, in Cleveland. 

Dansy Williams, MS., is employed as an 
Airways Forecaster with the U. S. Weather 
Bureau at Wold-Chamberlain Airport. 
Minneapolis, Minn. Before being trans¬ 
ferred there last summer, be was engaged 
in cloud seeding experiments for the 
Weather Bureau at Colfax, Calif., and 
Wilmington, Ohio. 

J 947 

Donald Stewart . Jr., has been appointed 
Assistant Electrical Engineer at Kaiser 
Steel Corporation In Fontana. Calif. 

Elmer Hull . jr.. M.S.. is working as a 
held engineer for the Pacific Gas and 
Electric Co. He is married and has a son. 

Herman Heidt, Prof., has obtained a 
California Professional Engineer license 
as a Mechanical Engineer and has a 
position as Chief Engineer of the S &: M 
Lamp Co. in Los Angeles. 

1948 

John. 1 ho mas received an A. 41. from 
Stanford in tosanomic botany last. June. 
Currently he’s working for a Pb.D, and 
is a teaching assistant in the Biology 
Department at Stanford. 

if iIlium E. Smyth is engaged in tele¬ 
vision engineering t operations) for the 
National Broadcasting Co, in New York 
City. 

Jim Thorpe became engaged in No¬ 
vember to Miss Barbara Anderson of 
Minneapolis. 1 bey plan to he married in 
June. S. M. Rutlc.t is also engaged and 
will ho married in April, 

Byron ¥ muz, Bill jannic. Bob Kenney 
’47. Kent Tenvilligen ’49 and John Ras¬ 
mussen are all living in international 
House at the University of California, 
Berkeley, and are all In various stages 
of graduate work—The first four in. 
physics, John Rasmussen in chemistry. 






ALUEN MACHINE 4 TOOL €0« 

Designers and Builders of Speeds! Machinery and Tools 
Also General Machine Work 
LU-89 .'e. AJ aimed a Street Compton, California 

Phones: Nfcvada 6-1219 — NKwmark j-8.190 


PAMIS & MOORE 

Trent K. Dames ’33 William W. Moore ’33 

5s>M Mechanics IswesHgsHons 

General Offices: 816 West Fifth Street, Los Angeles 13 
Regional Offices in 

Los Angeles San Francisco Portland Seattle New York 


Life Insurance Annuities Estate Planning 

HA10LP 0* GtOMPAHL 

■new; mm life insurant-company 


234 E. Colorado Street : Pasadena 1, Calif, 

Phones: NEvada 6-1219 i--- NEwmark 1-8190 


xtsa tmxf school ss tu@ 
sodiMMy «& ih* C?s@«ss 


TRUESDAIL LABORATORIES, INC, 

CHEMISTS . BACTERIOLOGISTS. ENGINEERS 

Consultation, Research and Testing 


Meters & Controls for Every Type X Sire Boiler 
Industrial Instruments and Regulators 
Remote Reading and Control Systems 
Engineered Condensation Drainage & Automatic 
Boiler Feeding Systems 

Flow and Pressure Regulating Valve Specialties 


2417 Riverside Drive 
NQrmandv 5190 


Los Angeles 26 
NOrmandv 7124 


1 * 


..OS ANGELES 

PK olographic 


CA 


tieseareft 

RALPH B. ATKINSON 


Bioiogra 

Cbemic. 


0LWIY BROIHItS 

rug and furniture cleaning 

ORIENTAL RUG EXPERTS : 

31.2 N, Foothill Blvd. Pasadena 8, Calif. 

ST camore 3-8734 



vmM OF I 
455 ii DORADO, - PASADENA 5, CAUF 


'.lie Insurance 


LYLE H* CHINIY 


Annuities 


RVoo 1-6191 
5 Y c a m o re 3 • ? 141 


Security Building 
Pasadena !, Calif, 


U NiTED 

GEOPHYSICAL COMPANY 

SEISMIC & GRAVITY EXPLORATION SERVICE 
595 East: Colorado Street Pasadena 1, Calif. 

VROMAN’S 

SY camera 3-1171 RYan 1.-6669 

Books & Stationery Office Equipment 

469 E. Colorado Street 1271 E, Colorado Street 

Pasadena Pasadena 


FEBRUARY 1950—3! 






























Science ;;| 

In the Me ws 


§H Astronomers at the University of California'? 
Lick Observatory have designed an ingenious new 
system for increasing the accuracy of star measurements. 
Dr. Joel. Slebbins and his associate. Dr. Gerald lx s on. 
now make telescopic observation? of artificial stars 
perched on adjacent peaks from 1.000 to '>,000 feet 
away. 1 he artificial stars consist of lamps with tungsten 
filaments which have temperatures of about 2,500 de¬ 
grees absolute centigrade. Each lamp is. placed in a 
box which has a small hole permitting observers to see 
just, a part ot the light from the filament. When a 
telescope is trained on it. observers see an artificial 
star with a magnitude approximating that of the bright¬ 
est. stars such as Arcturus and .Betelgemse. 

In astronomy the magnitude, or brightness, of stars 
land therefore their distance from the earth) is de¬ 
termined by their colors. Color is in turn determined 
by temperature. The brightest and hottest stars are blue; 
the next brightest are white, the faintest are red. There¬ 
fore. if the University of California astronomers know 
the temperature of their artificial stars, when the spec¬ 
trum of a real star matches that of an artificial one 
they will be able to say it has the same temperature, 
knowing how hot the star is, they will know how much 
light it is giving off. When they determine how much 
light Is being received they will be able to tell how 
much has been lost on the way, ami how far the star 
is from the earth. 

Recovered Rocket 

IS Scientists last month recovered a fragment of the 
two-?t.age rocket which set a 250-mile altitude record 
last February at the White Sands (N.M.) proving 
ground. It had. been generally agreed that the rocket had 
completely disintegrated when it re-entered the earth's 
atmosphere, but a civilian technician at White Sands 
stumbled over the wreckage recently near the north end 
of the 116-mile firing range. It was a badly-smashed 
and charred portion, of the tail section of the WAG 
Gorporal which was fired from the Y-2 rocket, as an 
altitude of 20 miles. 

The fragment has now been turned over to the let 
Propulsion Laboratory—by the Army Ordnance De¬ 
partment and General Electric, which were responsible 
for firing the rocket—in the hope that it will provide 
information about the stresses encountered by super¬ 
sonic missiles. 


lecture to the Royal Institution of Great 
r, Hans Pettersson, Swedish professor of 


Britain 

oceanography, had some depressing things to say about 
water shortages, In. a lew thousand, million years, he 
noted, there won't, be any water left at all. The earth, 
according to Pettersson, is suffering from progressive 
desiccation, an ailment common to all aging planets, 
it is drinking all the water in the oceans, converting 
the water into components of its solid crust, 'Tt will, 
then have reached the present tragic state of its neighbor 
Mars, with its oceans gone.’* said Dr. Pettersson,'* and 
with them, inevitably also, its oceanographers." 
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IT’S DONE WITH MICROFILM MAGIC 


T INY AS IT IS. the little rectangle above is 
this page in black and white—as it appears 
on microfilm. Everything there, condensed to a 
mere spot, but ready to be brought back full size 
with all its features intact. For photography can 
reduce tremendously without losing a detail. 

As a business or professional man , you can utilize 
photography’s reducing ability in any of many 
important ways. 

You can utilize it to save space. , . to speed 


motion pictures, you can 'pack” a plow, a plant, a 
whole process into a small can of film . . . travel it 
where you will, show it off “large as life” and much 
more dramatically. 

Only a suggestion . , . this ... of what photog¬ 
raphy can do because it is able to condense. And 
because it has many other unique characteristics 
as well, photography is becoming an increasingly 
important tool all through science, business, and 
mamrf acturin g. 


reference. With Kecordak microfilming, you can 
“debulk” files 99% . . . keep the records at hand for 
quick viewing, full size, in a Recordak Reader. 

You can utilize photography to make sales pres¬ 
entations more complete., more resultfuh With 


Whenever you want to improve methods of 
recording, measuring, testing, teaching, or count¬ 
less other functions, be sure to consider the un¬ 
usual abilities and advantages of photography. 


functional Photography 

—is advancing business and industrial technics* 
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ahead with television: 




a I Looking back over an engineer- 

log career that has brought him 

31.3 patents in 46 years—or 

; roughly one every seven weeks. 

Dr, E> F. W. Alexanderson tried 

*• to sum u d recently what had beers 

\ '' -j -u . .. v , , , > , 

"tSPNety "•' the requisites tor this kind ot 
% Inventive fertility, What, in other 

■ words, makes up a climate go n- 
ive to creative thinking? 

>ne thing essential to the scientist and inventor, be 
sore. Is the steady backing and encouragement of 
employer—particularly when his projects are long- 
ge, offering no prospect of immediate returns, 
f had. taken foresight on the part of his employer.. 
Alexandersoo thought, to endorse his experiments 
radio as far back as 1906 and later to underwrite 


his attempts to develop transoceanic, telephone equip¬ 
ment. It had taken still greater foresight to encourage 
his research into television—at a time when America 
had scarcely gotten used to radio. 

But on each occasion hi s employer. General. El e ctri c, 
had said "Go ahead.” "Encouragement and Ifo.ancial 
backing were extended to- me/’ he recalls, ”throevo 
long years of experimentation.” With this kind of sup¬ 
port, he thought,, "there is assurance that creative 
thinking will flourish.”' 

& k 

Dr, Alexanderson f s views illustrate again, how Gen¬ 
eral Electric emp.hasia.es research and creative think¬ 
ing, encourages fertile minds to follow their imagina¬ 
tive heat, and so stays m the forefront of scientific and 
engineering development. 






